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SUMMARY
The p r e s e n t  work f a l l s  i n t o  two main p a r t s .  F i r s t l y ,  a t h e o r e t i c a l  
i n v e s t i g a t i o n  o f  some s o l v e n t  dependenc ies  o f  n u c l e a r  s p i n - s p i n  
c o u p l i n g s .  Secondly ,  some c a l c u l a t i o n s  of  (N-C) c o u p l in g s  by v a r i o u s  
MO app roaches .
In, c h a p t e r  1, th e  t h e o ry  o f  n u c l e a r  s p i n - s p i n  co u p l in g s  i s  p r e s e n t e d .
In  c h a p t e r  2,  a d e s c r i p t i o n  o f  m o le c u la r  o r b i t a l  (MO) th e o ry  w i th  
v a r i o u s  l e v e l s  o f  app ro x im a t io n s  i s  a p p l i e d  to  th e  c a l c u l a t i o n s  of  
n u c l e a r  s p in  c o u p l in g s .
In  the  f i r s t  p a r t  o f  the  p r e s e n t  r e s e a r c h  work,  p r e s e n t e d  i n  c h a p t e r  3, 
th e  ' s o l v a t o n  m ode l ’ , the  t h e o r e t i c a l  d e t a i l  of  which i s  p r e s e n t e d  i n  
s e c t i o n  (3 .2 )  i s  adop ted  i n  o r d e r  to  s tudy  q u a n t i t a v e l y  n o n - s p e c i f i c  
medium e f f e c t s  on n u c l e a r  s p i n  c o u p l in g s .  S e l f  c o n s i s t e n t  f i e l d  (SCF) 
w a v e fu n c t io n s  a r e  o b t a in e d  by t h e  semi e m p i r i c a l  i n t e r m e d i a t e  n e g l e c t  
o f  d i f f e r e n t i a l  o v e r l a p  (INDO) ap p ro x im a t io n  i n  terms o f  th e  sum over  
s t a t e s  (SOS) and s e l f  c o n s i s t e n t  p e r t u r b a t i o n  th e o ry  (SCPT) methods .
The c a l c u l a t i o n s  comprise  a l l  of  t h e  c o n t r i b u t i n g  terms to  c o u p l in g  
c o n s t a n t s .  Some c o u p l in g s  i n  f l u o r o e t h y l e n e s , f l u o r o m e t h a n e s , 
A c r y l o n i t r i l e  and Im id a z o le ,  a r e  s e l e c t e d  to  be the  s u b j e c t  of  t h i s  
i n v e s t i g a t i o n  due to  th e  a v a i l a b i l i t y  of  some e x p e r im e n ta l  s o l v e n t  
e f f e c t  d a t a .  Tab les  o f  th e  t h e o r e t i c a l  and e x p e r im e n ta l  r e s u l t s  a r e  
p r e s e n t e d  and d i s c u s s e d .  Some s imple  n i t r o g e n  c o n t a i n i n g  m o lecu le s  
a r e  chosen  f o r  s tu d y  in  o r d e r  to  i n v e s t i g a t e  s o l v e n t  e f f e c t s  on
^J(N-C) and ^J(N=C) v a l u e s  of  t h e s e  compounds. The c o u p l in g s  con­
s i d e r e d  a re  p r e s e n t e d  as a f u n c t i o n  of  th e  d i e l e c t r i c  c o n s t a n t  of  t h e  
medium.
The second p a r t  of  t h i s  work appea rs  i n  c h a p t e r  4,  i t  r e l a t e s  to  th e  
c a l c u l a t i o n  o f  (NC) c o u p l in g s  f o r  some s imple  i s o l a t e d  n i t r o g e n  comp­
ounds by th e  INDO-SCPT, INDO-SOS-fixed atomic  i n t e g r a l ,  INDO-SOS- 
v a r i e d  i n t e g r a l  and (INDO/S)-SOS p ro c e d u r e s .  Comparison between th e  
c a l c u l a t e d  d a t a  and th e  a v a i l a b l e  e x p e r im e n ta l  ones a r e  p r e s e n t e d  i n  
T ab le  (4 .2 )  and d i s c u s s e d  i n  t h i s  c h a p t e r .
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CHAPTER ONE
Theory o f  N uc lea r  S p in -S p in  Couplings
1.1 INTRODUCTION
I
High r e s o l u t i o n  n u c l e a r  m agne t ic  re sonance  (NMR) has  become 
a m a jo r  t e c h n iq u e  i n  d e t e rm in in g  m o le c u la r  s t r u c t u r e .  One of  
th e  common NMR p a ram e te r s  i s  the  n u c l e a r  s p i n - s p i n  c o u p l in g  
c o n s t a n t .  In  a d d i t i o n  t o  t h e  d i r e c t  n u c l e a r  d i p o l e - n u c l e a r  
d i p o l e  i n t e r a c t i o n s ,  n u c l e a r  s p in s  i n  a m olecu le  a r e  coupled  
i n d i r e c t l y  v i a  th e  v a l e n c e  e l e c t r o n s .
E x p e r im en ta l  d a t a  on n u c l e a r  s p i n - s p i n  c o up l ings  has  been 
w ide ly  r e p o r t e d  S em i -e m p i r i c a l  t h e o r i e s  of  co u p l in g
c o n s t a n t s  have  been developed  t o  produce  a t h e o r e t i c a l  u n d e r ­
s t a n d i n g  o f  the  v a r i o u s  f a c t o r s  which de te rm ine  th e  c o u p l in g s
Gutowsky e t  a l  and Hahn and Maxwell have  i n d e p e n ­
d e n t l y  e x p re s s e d  th e  energy  o f  i n t e r a c t i o n  between two m agne t ic  
n u c l e i  N and n ' , g iv i n g  r i s e  to  th e  o bse rved  f i n e  s t r u c t u r e  as
Where h i s  P l a n k ' s  c o n s t a n t  and the  co u p l in g  c o n s t a n t
between n u c l e i  N and N 'h a v in g  n u c l e a r  s p in  a n g u l a r  momenta 
I ^  and I^,  i n  u n i t s  o f  h ,  r e s p e c t i v e l y .
This  i n t e r a c t i o n  i s  independen t  of  the  s t r e n g t h  o f  th e  e x t e r n a l  
m agne t ic  f i e l d  and,  i n  c o n t r a s t  to  the  d i r e c t  d i p o l a r  i n t e r -
a c t i o n  between n u c l e a r  s p in s  i t  does n o t  depend on t h e  o r i e n ­
t a t i o n  o f  th e  coup led  n u c l e i ,  co n s eq u en t ly  i t  w i l l  n o t  average  
t o  ze ro  by r a p i d  mot ion  of  th e  m olecu le s  i n  l i q u i d s .
The g e n e r a l  th e o ry  o f  t h e s e  i n t e r a c t i o n s  was f i r s t  g iv e n  by 
Ramsey He showed t h a t  they  a r i s e  by t h r e e  types  o f  i n t e r ­
a c t i o n .  F i r s t l y ,  t h e  n u c l e a r  m agne t ic  moment induces  o r b i t a l  
e l e c t r o n i c  c u r r e n t s  which produce  m agne t ic  f i e l d s  a t  th e  s i t e  
o f  t h e  second n u c l e u s .  Secondly  th e  d i p l o e - d i p o l e  i n t e r a c t i o n  
between th e  n u c l e a r  m agne t ic  d i p o l e  and t h a t  of  s p i n i n g  e l e c ­
t r o n  and,  f i n a l l y ,  a Fermi c o n t a c t  i n t e r a c t i o n  between the  
n u c l e a r  moments and e l e c t r o n  s p i n s .  Ramsey deve loped  g e n e r a l  
e x p r e s s i o n s  f o r  t h e s e  t h r e e  c o n t r i b u t i o n s  t o  s p in  c o u p l in g  u s in g  
quantum m e chan ic a l  p e r t u r b a t i o n  th e o ry .
1 .2  HAMILTONIAN FOR SPIN-SPIN INTERACTION
The c o n t r i b u t i o n  o f  each i n t e r a c t i o n  mechanism to  the  H a m i l to n i a n ,  
which i n  the  p r e s e n c e  o f  an e x t e r n a l  magne t ic  f i e l d  B, i s  g iven
by
The i n d i v i d u a l  terms i n  th e  above H am i l ton ian  and d e s c r i p t i o n  o f  
them a r e  g iv e n :
The f i r s t  te rm r e p r e s e n t s  the  k i n e t i c  e n e r g i e s  o f  th e  e l e c ­
t r o n s ,  and t h e i r  i n t e r a c t i o n  as moving charged  p a r t i c l e s  w i th  
th e  m agne t ic  f i e l d  o f  the  n u c l e i  and w i th  the  e x t e r n a l  magne tic  
f i e l d  B. This  term i s  c a l l e d  the  o r b i t a l  and i s  g iv e n  by:
a a a a a i
+ V + «LL + %LS + »SS + %SH •••  ( 1 -2 )
Where r e p r e s e n t s  th e  g r a d i e n t  o p e r a t o r  f o r  the  e l e c t r o n ,  k,  
e and m deno te  the  e l e c t r o n i c  charge  and mass r e s p e c t i v e l y ,
i s  th e  magnetogynic r a t i o  of  n u c leu s  N w i th  n u c l e a r  s p in
and r, i s  (r,  -  r. J  where r  d e s i g n a t e s  the  c o o r d i n a t e  of  kN k N k ,
A A A  A A
k e l e c t r o n ,  the  terms V, and r e p r e s e n t ,
r e s p e c t i v e l y ,  th e  e l e c t r o s t a t i c  p o t e n t i a l  ene rgy ,  th e  e l e c t r o n
o r b i t a l  o r b i t a l ,  s p i n - o r b i t a l ,  e l e c t r o n  s p i n - s p i n  and e l e c t r o n
s p i n - e x t e r n a l  f i e l d  i n t e r a c t i o n s .  None of  th e s e  o t h e r  terms 
c o n t a i n s  th e  n u c l e a r  s p i n s .
S ince  the  i n d i r e c t  n u c l e a r  s p i n - s p i n  i n t e r a c t i o n  i s  f i e l d  
i n d e p e n d e n t ,  the  r i g h t  hand s i d e  o f  e q u a t io n  ( 1 . 2 )  may be r e ­
duced t o  on ly  two terms which in v o lv e  the  n u c l e a r  s p i n s ,  r e l a t ­
ing  to  the  absence  of  an e x t e r n a l  magne t ic  f i e l d ,  and g iven  by:
2^2 p e 11
l a SirmC2 N N’ I V n ’
W^etig _g
4ttC n n ' k^N^N'^kN ^kN'
-  ( A - A n - )  ( A - - A n )
( ’ n -’-n - ) ( \ n - \ n ' )
. .  ( 1 .3 )
and
y eti‘
r;2 ( î  . ?  ) .
è r  S ^ n A n A -  ( A n ^ \ ) . . .  ( 1 .4 )
where 3 = (eli /2mc) i s  the  Bohr magneton.  Thus the  H am i l to n i a n  f o r
A
th e  o r b i t a l  te rm ,  H^ may be ex p re s s e d  as
A A A
«1 = «la + “lb . . .  ( 1 . 5 )
The second term H^, d e s c r i b e s  the  d i p o l e - d i p o l e  i n t e r a c t i o n  between 
th e  n u c l e a r  s p in s  and th e  e l e c t r o n  s p i n s ,  on ly  when the  e l e c t r o n  
i s  o u t s i d e  the  n u c l e u s ,  i s  known as the  d i p o l a r  term and has  the  
fo l l o w i n g  form
2 ( « U - ^ n ) ( ’- N - \ n ) '^ kN '  ( ^ k- ^n )  "^ kN
. ( 1 .6 )
where i s  the  s p in  a n g u l a r  momentum of  e l e c t r o n  k i n  u n i t s  
o f  h .
The t h i r d  term d e s c r i b e s  t h e  i n t e r a c t i o n  be tween the  n u c l e a r  
and e l e c t r o n  s p in s  a t  the  s i t e  o f  n u c l e u s ,  i s  c a l l e d  the  Fermi 
c o n t a c t  i n t e r a c t i o n  and i s  g iv e n  by
«3  = I . . .  ( 1 . 7 )
where 6 ( r ^ ^ )  i s  a D irac  d e l t a  f u n c t i o n  which p ic k s  o u t  the  
v a l u e  a t  ( r ^ ^ J  = 0 i n  any i n t e g r a t i o n  over th e  c o o r d i n a t e s .
The l a s t  te rm ,  H^, i s  the  d i r e c t  magne t ic  i n t e r a c t i o n  o f  the
n u c l e i  w i th  each o t h e r ( 1 2 ) and i s  w r i t t e n  as
A
«4 = /4n )  I  g,
. ( 1 .8 )
I n  NMR exper im en t  on f l u i d s  the  m olecu le s  a r e  s u b j e c t  to  f r e ­
quen t  c o l l i s i o n s  which ave rage  the  m o le c u la r  o r i e n t a t i o n  over  a l l
A
d i r e c t i o n s  thus  making the H^, to  the  f i r s t  o r d e r ,  a v e ra g e s  to
z e r o .
T h e r e f o re ,  t h e  H am i l ton ian  o p e r a t o r  H, o f  the  e l e c t r o n - c o u p l e d
n u c l e a r  s p i n - s p i n  i n t e r a c t i o n  i n  th e  absence  o f  an e x t e r n a l  
m agne t ic  f i e l d  may be e x p re s s e d  as
A  A A A A
H = H_ + + H. + H. . . .  ( 1 .9 )l a  lb  2 3
The f i r s t  two terms r e p r e s e n t  the  e l e c t r o n  o r b i t a l  i n t e r a c t i o n s ,  
th e  t h i r d  and f o u r t h  terms r e p r e s e n t ,  r e s p e c t i v e l y ,  the s p i n  
d i p o l a r  and Fermi c o n t a c t  i n t e r a c t i o n s .
1 .3  CONTRIBUTIONS TO NUCLEAR SPIN-SPIN COUPLING CONSTANTS
The t o t a l  n u c l e a r  s p i n - s p i n  co u p l in g  as dem ons t ra ted  i n  the  
p re v io u s  s e c t i o n  can be g iven  in  terms of  the  o r b i t a l ,  s p i n  
d i p o l a r  and Fermi c o n t a c t  i n t e r a c t i o n s ,  assuming th e  d i r e c t  
magnetic  i n t e r a c t i o n  o f  the  n u c l e i  w i th  each o t h e r  to  ave ra ge  
to  zero  i n  the  p re s e n c e  o f  f r e q u e n t  c o l l i s i o n s .  These i n t e r ­
a c t i o n s  a r e  sm al l  compared w i th  the  m o le c u la r  e l e c t r o s t a t i c  
H am i l to n ia n ,  the  energy  of  n u c l e a r  s p i n - s p i n  c o u p l in g ,  E ^ ^ , ,  
may be e v a l u a t e d  u s in g  second o rd e r  p e r t u r b a t i o n  th e o ry  such 
t h a t  i t  i s  g iven  as
E^2) = Z. < O l H | n >  < n | H | 0 >  /  (E - E ) . . .  ( 1 .1 0 )n ' I ' ' o n
By combining e q u a t i o n  ( 1 .9 )  and ( 1 .1 0 )  squared  terms of  H^^,
H,, , H„ and H and some c r o s s  terms c o n t r i b u t e  to  the  s p i n -  Ib 2 3
s p i n  c o u p l in g  ene rgy .  Ramsey showed t h a t  the  e x c i t e d
A A
s t a t e s  which g iv e  n o n -ze ro  c o n t r i b u t i o n s  from H and Hl a  lb
g ive  ze ro  c o n t r i b u t i o n  f o r  and and v i c e  v e r s a .  Hence 
a l l  o f  the  c r o s s  t e rm s ,  e x ce p t  t h a t  between H^ and v a n i s h .
This te rm a l s o  ave ra ges  t o  ze ro  f o r  a molecu le  t h a t  i s  f r e e  to  
undergo a random tumbling  mot ion  which u s u a l l y  occu rs  i n  th e  
l i q u i d  samples used in  NMR e x p e r im e n t s .  However t h i s  term 
can be im p o r t a n t  f o r  th e  a n i s t r o p i c  c oup l ing  sometimes observed  
i n  o r i e n t e d  m o le c u le s .
For i s  t r o p i c ,  n o n - v i s c o u s ,  f l u i d s  the t o t a l  n u c l e a r  s p i n - s p i n  
i n t e r a c t i o n  energy  i s
^NN' ^la,NN' * ^Jb,NN' ^2,NN' * ^^,NN' . . .  ( 1 . 1 1 )
Since  t h e  c o n t r i b u t i o n s  from a l l  p o s s i b l e  c ro s s  terms to  the  
m o t i o n a l l y  averaged  i n d i r e c t  n u c l e a r  co u p l in g s  v a n i s h ,  the  
t h r e e  i n t e r a c t i o n  mechanisms can be t r e a t e d  s e p a r a t e l y .  The 
i n d i v i d u a l  terms a r i s i n g  from th e s e  i n t e r a c t i o n s  a re
A. The Fermi c o n t a c t  term
This te rm i s  th e  l a r g e s t  c o n t r i b u t o r  among the  t h r e e  f o r  p r o t o n  
co u p l in g s  because  i t  co r re s p o n d s  to  the  e l e c t r o n  be ing  a t  the  
n u c l e i .  Le t  r e p r e s e n t  the  energy  o f  i n t e r a c t i o n  between
n u c l e i  N and N ' . Thus th e  s e c o n d -o rd e r  c o r r e c t i o n  t o  the
energy  o f  a s t a t e  | 0 >  may be o b ta in e d  by:
i S '  =  ■ I  («n ■ < 0  I H3 I n > <  n I H3 I 0>
. . .  ( 1 . 12 )
where t h e  summation i s  over  a l l  e x c i t e d  s t a t e s  j n >  . By 
s e p a r a t i n g  ou t  the  NN' terms and u s in g  a f a c t o r  of  two which 
a r i s e s  b ecause  two e q u i v a l e n t  energy terms appear  i n  t h e  double  
sum over  n u c l e i  N and N ' , th e  s p i n  c o u p l in g  energy  between
p a i r s  of  n u c l e i  N and N* becomes
4 % '  = - 2 ( 1 6 ^ B W 3 ) 2 y ^ ,  I I 3 < 0  ] \ . \ \  n>
X < n  I  5 ( r . . , ,  ) S . . Î  I 0 >  /  (E - E ) . . .  ( 1 . 1 3 )I jN'  j  N ' n o
S ince  th e  m a t r i x  e lem en ts  i n  e q u a t io n  ( 1 . 1 3 )  i n v o lv e s  i n t e ­
g r a t i o n  on ly  over e l e c t r o n i c  c o o r d i n a t e s ,  the  n u c l e a r  s p i n  
o p e r a t o r s  can be t a k e n  o u t  o f  th e  summation in  o r d e r  to  r e l a t e  
e q u a t io n s  ( 1 . 1 3 )  and ( l . I )
The Fermi c o n t a c t  c o n t r i b u t i o n  ex p re s s e d  in  (Hz:) as
X <  n I  6 ( r . ^ , )  S.  I 0 >  /  (^E - ^E ) . . .  ( 1 .1 4 )jN J ' n o
Where J ,„ , .  i s  a second r a n k  t e n s o r  w i th  t h e  p r i n c i p a l  a x i s  NN
f i x e d  in  the  m o lecu le .
(13)Condon and S h o r t l y  have  found t h a t  only  e x c i t e d  t r i p l e t
s t a t e s  can coup le  to  t h e  s i n g l e t  e l e c t r o n i c  g r o u n d - s t a t e  of
the  m o le c u le ,  hence  th e  summation over  n i n  e q u a t i o n  ( 1 .1 4 )
3 1i s  c a r r i e d  ou t  ove r  the  e x c i t e d  t r i p l e t  s t a t e  and ( E - E )n o
r e p r e s e n t s  a t r i p l e t  e x c i t a t i o n  ene rgy .
The l a s t  e x p r e s s i o n  i s  n o t  th e  r e q u i r e d  form as t h e r e  a r e
terms o f  th e  type  U I „  I „  which do n o t  a r i s e  i n  th e  s p i nxy Nx Ny
H a m i l to n ian .  I t  i s  n e c e s s a r y  to  av e rage  over  a l l  p o s s i b l e  
o r i e n t a t i o n s  of  the  m olecu le  to  o b t a i n  an energy  o f  th e  form 
" h e r e
J = - | ( J + J + J )  . . .  ( 1 .1 5 )3 XX yy zz
(3)Hence,  the  Fermi c o n t a c t  c o n t r i b u t i o n ,  in  Hz, to  t h e
n u c l e a r  s p i n - s p i n  c o u p l in g  i s  o b t a in e d  as
X <n l ô ( r .  , ) S .  l o > / ( ^ E  - E ) . . . ( 1 . 1 6 )' jN'  J I n o
B , The dipolar term
This term a r i s e s  due to  the  magne t ic  d i p o l e - d i p o l e  i n t e r a c t i o n  
between th e  n u c l e a r  and e l e c t r o n  s p i n s .  can be e x p r e s s e d
A
s i m i l a r l y  to  H^. The d i p o l a r  c o n t r i b u t i o n  to  th e  t o t a l  i s
( S . r ' l , )  I 0 >  /  (^E - ) . . .  ( 1 . 1 7 )
J j N  n o
Like th e  s p i n  dependen t  H am i l ton ian  H^, w i l l  mix th e  e x c i t e d
t r i p l e t  s t a t e s  w i th  the  s i n g l e t  e l e c t r o n i c  ground s t a t e .  Hence
th e  summation over n in  e q u a t i o n  ( 1 .1 7 )  i s  c a r r i e d  o u t  over  the
t r i p l e t  e x c i t e d  s t a t e s .
C. The o r b i t a l  term
The rem a in ing  c o n t r i b u t i o n s  to  the  t o t a l  s p i n  c o u p l in g  c o n s t a n t  
. a r i s e  from the  i n t e r a c t i o n  of  th e  o r b i t a l  e l e c t r o n i cNN
c u r r e n t s  w i th  n u c l e a r  m agne t ic  moments. There a r e  two H am i l ton -
A  A A  .
i an s  H, and H,, . H, i s  a l r e a d y  b i l i n e a r  in  the  n u c l e a r  s p i n s ,l a  lb  l a
( X 3. )the  e x p r e s s i o n  f o r  may be o b ta in e d  by s e l e c t i n g  t h o s e  terms
which in v o lv e  , from the  f i r s t  o r d e r  c o r r e c t i o n  t o  the
, A
energy  e x p r e s s i o n ,  <  0 | j 0 >' . I t  has  the  f o l l o w i n g  form
=  ( 2p y / 3. h )  <  0 I  2
A n A n ' I ° >  . . . ( 1 . 1 8 )
(2)  (3)F o l low ing  th e  same p rocedu re  as f o r  J „ „ ,  and th e  e x p r e s s i o nNN NN
f o r   ^ c o r r e s p o n d in g  to  i s  o b t a in e d  as :
■ à  « (%o6/n2) YuY„. 2 < 0  I I  r j  ^ ^ )  I n >
< "  I j ( A n ' ^  ^ j )  1 0 >  ) ( \  -  ' v
. . .  ( 1 .1 9 )
The e l e c t r o n  s p i n  f r e e  H am i l ton ian  H^^ w i l l  mix a s i n g l e t  ground 
s t a t e  w i th  on ly  e x c i t e d  s i n g l e t  s t a t e s .  Hence the  summation 
over  n i n  e q u a t i o n  ( 1 .1 9 )  i s  c a r r i e d  ou t  over  e x c i t e d  s i n g l e t  
s t a t e s  (^E^ - ^E^) r e p r e s e n t s  th e  s i n g l e t  e x c i t a t i o n  ene rgy .
The t o t a l  c o u p l in g  c o n s t a n t  can be w r i t t e n  as the  sum o f  fo u r
A A A  ^ I
t e rm s ,  a r i s i n g  from each o f  the  H^, H^ and H^ i n t e r a c t o n s ,  as
One im p o r ta n t  p o i n t  t h a t  can be no ted  from t h i s  a n a l y s i s  i s  t h a t  
a l l  o f  th e  c o n t r i b u t i o n s  to  a re  p r o p o r t i o n a l  t o  t h e  p ro d u c t
of  th e  m a gne togy r ic  r a t i o s  . For d i f f e r e n t  i s o t o p e s  of  the
same e l e m e n t . t h e  c o u p l in g  c o n s t a n t s  d i f f e r  on ly  th rough  the  
d i f f e r e n t  m agne togy r ic  r a t i o s  of  the  n u c l e i .
1 .4  REDUCED COUPLING CONSTANTS
In  o r d e r  to  f a c i l i t a t e  the  compar ison o f  n u c l e a r  c o u p l in g s  fo r
'NNd i f f e r e n t  m o l e c u le s ,  a reduced  coup l ing  c o n s t a n t s  " bas  been
in t r o d u c e d .
(14)Pople  and S a n t ry  have  d e f in e d  th e  reduced  c o u p l in g  as th e
c o n s t a n t  of  p r o p o r t i o n a l i t y  between th e  energy  o f  two m agne t ic  
moments, t h a t  i s
^ i n t  ^NN'^N^N' • ••
The r e l a t i o n s h i p  between the  reduced  c o u p l in g  c o n s t a n t  and the  
normal c o u p l in g  c o n s t a n t  i s
‘^ NN’ ^2tt^  V n ’ ^ n ' . . .  ( 1 .2 2 )
where y^ y^,  a r e  th e  n u c l e a r  magne togyr ic  r a t i o s  o f  n u c l e i  N 
and N' . The u n i t s  o f  a r e  Hz in  bo th  CCS system and SI .
The v a l u e s  o f  may be r e l a t e d  i n  t h e  two s e t s  o f  u n i t s  byNN  ^ ^
«NN' (CCS) = ( S I )  X 10 . . . ( 1 . 2 3 )
For SI ,  McGlashan and Whiffen  have  r e d e f i n e d  , by
= V  J „ .  . . .  (1.2A)
o
By t h i s  d e f i n i t i o n  , has  the  u n i t s  o f  r e c i p r o c a l  volume,
-3
i . e .  m as i n  t h e  CGS system.
CHAPTER TWO
S em i-Em pir ica l  MO Methods Applied  to 
t h e  C a l c u l a t i o n  of  N uc lea r  S p in -S p in  Couplings
2-. 1 INTRODUCTION
M olecu la r  o r b i t a l  th e o ry  (MO) i s  one o f  the  most  s im ple  and u s e f u l  
methods o f  d e s c r i b i n g  the  e l e c t r o n i c  s t r u c t u r e s  o f  m o l e c u le s .
I n  g e n e r a l  i t  p ro v id e s  a good a pp rox im a t ion  f o r  m a n y -e l e c t r o n  
m o le c u le s .  S ince  the  e x a c t  s o l u t i o n  o f  the  S c h ro d in g e r  e q u a t ­
i o n  f o r  many e l e c t r o n  atoms and m olecu le s  i s  n o t  r e a d i l y  a v a i l ­
a b l e ,  a number o f  s i m p l i f i c a t i o n s  and approx im at ions  a r e  i n t r o ­
duced.
B a s i c a l l y ,  t h e r e  a r e  two d i f f e r e n t  approaches  to  an approx im ate  
m o l e c u la r  o r b i t a l  t h e o ry .  The f i r s t  a pp rox im a t ion  i s  the  i n d e p ­
enden t  e l e c t r o n  model i n  which a l l  i n t e r a c t i o n s  be tween  e l e c t r o n s  a r e  
ig n o re d ,  t h i s  g iv e s  r i s e  to  th e  Huckel and ex tended  Hueke1 
methods The second i s  th e  s e l f  c o n s i s t e n t  f i e l d  method,
where acc oun t  i s  t a k en  of  i n t e r e l e c t r o n i c  energy te rm s .
2 .2  LCAO MO
A l i n e a r  com bina t ion  of  atomic  o r b i t a l s  (LCAO)^  ^ i s  used  to
d e te rm in e  a good a p p rox im a t ion  to  the  m o le c u la r  o r b i t a l s  o f  the  
system t h a t  i s
= E C . 4 . . .  ( 2 . 1 )1 y y i  y
where C . a r e  n u m e r ica l  c o e f f i c i e n t s  which may e i t h e r  s i g n  and y i
may be r e a l  or  complex number,  and (j)^  a r e  r e a l  a tomic  f u n c t i o n s .
The b e s t  m o l e c u la r  o r b i t a l s ,  a r e  o b t a in e d  by d e t e rm in i n g  th e  
c o e f f i c i e n t s  C so t h a t  the  e x p e c t a t i o n  v a l u e  of  the  e l e c t r o n i c
A
energy  a s s o c i a t e d  w i th  t h e  N - e l e c t r o n  H am i l ton ian  H of a g iven  
molecu le
= I  H^dT /  II ijjdT . . .  ( 2 .2 )
i s  minimized .
2.3 SELF CONSISTENT FIELD (SCF) - MO THEORY
There a r e  many methods of  c a l c u l a t i n g  approx im ate  wave f u n c t i o n s .
Most of  t h e s e  depend on the  model c a l l e d  th e  s e l f  c o n s i s t e n t -
f i e l d  m o l e c u l a r - o r b i t a l  (SCF-MO) method. W i th in  t h i s  model t h e r e
a r e  v a r i o u s  l e v e l s  of  a p p rox im a t ion .  At one extreme one has  t h e
b e s t  wave f u n c t i o n s  o f  t h i s  ty pe  c a l c u l a t e d  w i th o u t  any e m p i r i c a l
p a r a m e te r s ,  which a r e  c a l l e d  H a r t r e e -F o c k  wave f u n c t i o n s .  At t h e
o t h e r  ex treme one has  s e m i - e m p i r i c a l  i r - e l e c t r o n  t h e o r i e s  such as
( 18 )developed  by Pople
In  MO th e o r y ,  th e  e l e c t r o n i c  ground s t a t e  wave f u n c t i o n  \p^ 
or  I 0 >  o f  a c l o s e d - s h e l l  m olecu le  w i th  2n e l e c t r o n s  i s  ta k en  
as a n o rm a l ize d  s i n g l e  d e t e rm in a n t  of  the  one e l e c t r o n  o r t h o
normal MO’ s each be ing  doubly occup ied ,  as
1
(2n) 3 (2n) . . .  ( 2 . 3 )
By ap p ly in g  t h e  v a r i a t i o n  method and v a r y in g  a l l  c o n t r i b u t i n g
one e l e c t r o n  wave f u n c t i o n s  . . .  i s  t h e  d e t e r m in a n t1 2  2n
u n t i l  t h e  energy  r e a c h e s  i t s  minimum v a l u e ,  the  b e s t  MO's o f
(19)many e l e c t r o n  sys tems a re  the n  o b ta in e d  , such o r b i t a l s
r e f e r r e d  to  as  H a r t r e e -F o c k  m o l e c u la r  o r b i t a l s .
The e l e c t r o n i c  H am i l to n ian  f o r  2n e l e c t r o n s  i n  a m o lecu le  i s  
d e f in e d  as :
Ô -  z H ( k ) + ^  . . . ( 2 . 4 )
o kx,
where th e  q u a n t i t y  H (k)  i s  the  o n e - e l e c t r o n  H a m i l to n i a n
which co r re sp o n d s  to  th e  mot ion  o f  an e l e c t r o n  k i n  th e  f i e l d  
o f  the  b a r e  n u c l e i .  This  o p e r a t o r  i s  l i n e a r  and H e rm i t i a n  and 
has  the  form
H (k) = - - _ ± — E ^2m k 4iTE B r,  ^ . . .  ( 2 . 5 )o kB
The q u a n t i t i e s  and r^^  r e p r e s e n t  the  charge o f  n u c l e u s  B and 
th e  d i s t a n c e  between the  e l e c t r o n  k and the  n u c leu s  B, r e s p e c t i v e l y ;
2 2 Z
3  and - 7-^—  5 ^  a r e ,  r e s p e c t i v e l y ,  t h e  k i n e t i c2m k 4ïïe B r,  ^o kB
energy  and th e  p o t e n t i a l  energy  o p e r a t o r s  f o r  th e  mot ion  o f  th e
th  e^ 1k e l e c t r o n  i n  the  f i e l d  o f  th e  b a r e  n u c l e i  . -,  Z "SL
i s  the  m utua l  r e p u l s i o n  o p e r a t o r  between p a i r s  o f  e l e c t r o n s  k 
and i .
S u b s t i t u t i n g  e q u a t i o n  ( 2 . 4 )  i n t o  e q u a t i o n  ( 2 . 2 )  th e  g e n e r a l  e x ­
p r e s s i o n  f o r  th e  e l e c t r o n i c  energy i s  o b ta in e d  as
n
E = 2 Z H . . + § ? ( 2 J . . - K . . )  . . . ( 2 . 6 )
i = l  i  j
The e q u a t i o n  in c l u d e s  i n t e g r a l s  over MO's, so e q u a t i o n  ( 2 . 6 )  i s  
d e r iv e d  on th e  b a s i s  t h a t  th e  MO's form an o r thonorm al  s e t .
r e p r e s e n t s  t h e  energy o f  an e l e c t r o n  i n  a MO, i n  the
f i e l d  o f  b a r e  n u c l e i
H. . = (1)  H ( c o r e )  (%) . . .  ( 2 . 7 )
IX f 1 1
The Coulomb i n t e g r a l s  and the  exchange i n t e g r a l s  a r e
d e f in e d  as
J. . =
-  - ^ 1 2
. . .  ( 2 . 8 )
and
K / / r Ca )  If. (1)  i(i.(2) dT dx^ . . . ( 2 . 9 )
ij X J X i 2 J 1 1 2
The d i f f e r e n t i a l  e q u a t io n s  f o r  the  b e s t  forms o f  t h e  MO's have  
th e  form
r  ( c o r e )  ^ 2 ( 2 j .  - k . )
L  J J J
ip . = £ .ip. . . .  ( 2 .1 0 )1 1 1
or
A
F i  = 1, 2, . . . . ,  n . . .  ( 2 .1 1 )
These a r e  known as H a t ree -F ock  e q u a t i o n s .  J .  and K. a r e  c a l l e d
J J
t h e  Coulomb and exchange i n t e g r a l s  r e s p e c t i v e l y .
Th ese a re  n o n e - e l e c t r o n  wave e q u a t io n s  f o r  the  o r b i t a l s
. . .  i|).n
2 .4  THE LCAO-SCF-MO METHOD
The H a t ree -F ock  e q u a t io n s  a r e  m a th e m a t i c a l l y  co m p l ic a te d  n o n l i n e a r  
i n t e g r o  d i f f e r e n t i a l  e q u a t io n s  which can n o t  be d i r e c t l y  s o lv e d  
f o r  most m o l e c u la r  sy s tem s .  The LCAO-MO a p p ro x im a t io n  to  th e  
H a t re e -F o c k  MO's l e a d s  t o  R o o th a an ' s  e q u a t io n s
z (F E. S ) C . = 0 ; y = 1 , 2 , . . . ,  m . . .  (2 .12)
V yv 1 yv VI
where F i s  t h e  m a t r i x  e lement  r e p r e s e n t i n g  the  H a t re e -F o c k
uy (20)H am i l ton ian  o p e r a t o r
F = I ^ F 0 dT . . .  (2 .13)yv ;  y V .
= + E P ^ ^ [ < y v | X a >  -  j  <  yv( X a > j : . .  (2 .1  A)
where
= I  ( 0  ( , )  dx, . . .  (2.15)
and
< y v  1 Aa >  = j  j 4^  ( l ) ' O ^ ^ ( l )  4)  ^ ( 2 ) ( 2 ) dx^ dx^
. . .  ( 2 .16 )
which i s  to  be i n t e r p r e t e d  p h y s i c a l l y  as the  r e p u l s i o n  be tween  
an e l e c t r o n  d i s t r i b u t e d  i n  space  acc o rd in g  to  th e  f u n c t i o n  (})^  # J 4 )  
and a second e l e c t r o n  h av ing  th e  d i s t r i b u t i o n  cf>. 4> ( 2 ) .
The f i n a l  te rm d e f in e d  i n  e q u a t io n  (2 .14)  i s  the  Bond o r d e r  
which i s
P\ = 2 E C* C . . .  (2.17)
^0 i  iA io
In  e q u a t i o n  (2 .1 2 )  e^, th e  o r b i t a l  e n e r g i e s  of  th e  LCAO-SCF-MO's 
a r e  th e  r o o t s  o f  the  s e c u l a r  d e t e rm in a n t
F - e . S  I = 0 . . .  ( 2 .1 8 )yv . 1 yv I
where th e  low es t  r o o t s  co r responds  to  t h e  occupied  MO's. These 
r o o t s  may be used  to  de te rm ine  C^^ which ag a in  may be used  to  
s o lv e  e q u a t i o n  ( 2 .1 2 )  t o  o b t a i n  the  optimum LCAO-SCF-MO's.
2 .5  SEMI-EMPIRICAL LCAO-SCF-MO METHODS
A. The CNDO method
The most  e l e m e n ta ry  th e o ry  r e t a i n i n g  th e  main f e a t u r e s  of
e l e c t r o n  r e p u l s i o n  and i n v a r i a n c e  of  t h e  wave f u n c t i o n  to
o r th o g o n a l  t r a n s f o r m a t i o n ,  among o r b i t a l s  c e n t r e d  on t h e  same
atom, i s  the  complete n e g l e c t  of  d i f f e r e n t i a l  o v e r l a p  method
(21 2 2 )(CNDO) in t r o d u c e d  by P o p le ,  San t ry  and Segal  ’ . Only
those  e l e c t r o n s  in  th e  v a l e n c e  s h e l l  a r e  c o n s id e r e d  e x p l i c i t l y ,  
the  i n n e r  s h e l l s  a r e  t r e a t e d  as a r i g i d  c o r e ,  so t h a t  they  
modify the  n u c l e a r  p o t e n t i a l  i n  th e  one e l e c t r o n  p a r t  of  the  
H am i l to n ian .  The atomic  o r b i t a l  b a s i s  s e t  6 i s  a v a l e n c e  s e t .  
In  t h i s  method t h e  i n t e g r a l s  p a r t i c u l a r l y  those  i n v o l v i n g  the  
o v e r l a p  d i s t r i b u t i o n  ^^Xl)  4^ ( 1 ) w i th  y v a r e  n e g l e c t e d ,  th u s  
the  Roothaan LCAO-SCF e q u a t io n s  a r e  s i m p l i f i e d  by th e  ze ro
d i f f e r e n t i a l  o v e r l a p  (ZDO) a p p ro x im a t io n ,  whereby e l e c t r o n  
r e p u l s i o n  i n t e g r a l s  i n v o l v i n g  the  o v e r l a p  d i s t r i b u t i o n  a r e  neg­
l e c t e d ,  and th e  core  i n t e g r a l s  o f  e q u a t io n  (2 .1 5 )  a re
t r e a t e d  i n  a s e m i - e m p i r i c a l  manner t o  accommodate th e  p o s s i b l e  
bonding e f f e c t  o f  the  o v e r l a p .  Consequen t ly
<  yv I Xa> = <  yy I XX > • ••  ( 2 .1 9 )
F u r th e rm o re ,  the  two e l e c t r o n  i n t e g r a l s  depend on ly  on the
atoms A and B to  which th e  o r b i t a l s  cj) and b e l o n g ,  r a t h e r
y A
th a n  on th e  a c t u a l  type  o f  o r b i t a l s .  Thus
< yy I XX >  = a l l  y on atom A, a l l  X on atom B
. . .  ( 2 . 20)
where i s  an average  e l e c t r o s t a t i c  r e p u l s i o n  between any 
e l e c t r o n  on A and any e l e c t r o n  on B. In- th e  CNDO/2 method,  
Y ^  i s  c a l c u l a t e d  as th e  two c e n t r e  Coulomb i n t e g r a l  i n v o l v i n g  
v a l e n c e  S - f u n c t i o n s ,
If^AB= 7 /  dT) dT; . . .  ( 2 . 2 1 )
A s e r i e s  o f  r e l a t e d  app rox im at ions  a r e  a p p l i e d  to  th e  m a t r i x  
elements  o f  th e  co re  H am i l to n ian  o p e r a t o r
^(core) _  ,2 . , •••(2.22)
where -V^ i s  t h e ' p o t e n t i a l  due t o  th e  nuc leus  and i n n e r  s h e l l s  
o f  atom B. The d i a g o n a l  m a t r i x  e lements  of  th e  core  H a m i l to n ian  
o p e r a t o r  a r e
2
^ ( c o r e )  _ ( y  I - - I  Vg f w) ((f;  ^ on atom A)
= <  P  I .  v? .  V^l ; >  - r V g l  P >
E
^yy " B(fA) ^AB . . .  (2 .2 3 )
Here U i s  e s s e n t i a l l y  an atomic q u a n t i t y  and a measure of  th e  yy
energy o f  i n  th e  ba re  f i e l d  of  t h e  co re  of  i t s  own atom A.
In the  CNDO/2 method U i s  o b ta in e d  s e m i - e m p i r i c a l l y  from atomicyy
d a t a  as
. . . ( 2 . 2 4 )
where I  and A a re  t h e  i o n i z a t i o n  p o t e n t i a l  and e l e c t r o n  a f f i -y y
n i t y ,  r e s p e c t i v e l y ,  o f  an e l e c t r o n  in  an o r b i t a l  (j)^  b e lo n g in g
to  atom A. The n u m e r ica l  v a l u e s  used f o r  th e  o r b i t a l  e l e c t r o -  
n e g a t i v U i e s ( l ^  + A^ ) a re  g iven  i n  Table  ( 2 .1 )
TABLE 2 .1  O r b i t a l  e l e c t r o n e g a t i v i t i e s  - — ( I  + A ) i n  eV
2 y y
from s p e c t r o s c o p i c  d a ta
Atom H Li Be B C N 0 F
1  ( I + A ) 7.176 3 .106 5.946 9.594 14.051 19.316 25.390 32.272
2 s s
i  ( I + A ) 1.258 2.563 4.001 5.572 7.275 9.111 11.080
2 P P
The two c e n t r e  terms i n  e q u a t io n  (2 .2 3 )  a re  e v a l u a t e d  by 
r e l a t i n g  them t o ' t h e  e l e c t r o n  r e p u l s i o n  i n t e g r a l s
\ b "*'ab . ( 2 .2 5 )
The o f f - d i a g o n a l  co re  m a t r i x  e lements  between d i f f e r e n tyv
AO's ,^^  and (|) ,^ on th e  same atom A a r e  n e g l e c t e d .  For th e  case
i n  which 4^  ^ and 4)  ^ a r e  on d i f f e r e n t  atoms,  the  o f f - d i a g o n a l
m a t r i x  e l em en ts  i s  t a ken  to  be p r o p o r t i o n a l  to  th e  o v e r l a p  i n t e g r a l
S a c c o rd in g  to  yv
^ ( c o r e )  ^ 1  jr 
yv 2 yv . .  ( 2 .2 6 )
where K = 1 in  the  CNDO/2 method and th e  bonding p a ra m e te r  3
depends only  on the  n a t u r e  o f  atom A and i s  c a l i b r a t e d  by com­
p a r i n g  th e  CNDO/2 r e s u l t s  w i th  a b - i n i t i o  c a l c u l a t i o n s  f o r
sm a l l  m o lecu le s  f o r  such p r o p e r t i e s  as  geometry ,  o r b i t a l  
energy  and p o p u l a t i o n  a n a l y s i s .  The v a l u e s  of  3^ a r e  g iven  
i n  T ab le  ( 2 . 2 )  f o r  f i r s t  row atoms.
TABLE 2 .2  Values of  bonding pa ram e te r s
Atom H L i Be B C N 0 F
9 9 13 17 21 25 31 39
The e lem en ts  o f  th e  Fock m a t r i x ,  i n  CNDO/2 method, can be 
e x p re s s e d  as
'AA
B(fA) ^^BB ’ ^B^ \ b . . .  ( 2 . 27 )
yv 2
S - — P Yyv 2 yv AB . .  ( 2 .2 8 )
where P ^  i s  th e  t o t a l  charge  d e n s i t y  on atom A, and i s  g iven  by
P = E P AA g yy ( 2 . 29 )
B. The INDO method
(23)A f u r t h e r  s e m i - e m p i r i c a l  SCF method f o r  d e t e rm in i n g
MO's i s  known as t h e  i n t e r m e d i a t e  n e g l e c t  o f  d i f f e r e n t i a l  
o v e r l a p  (iNDO) method.  I t  has  been  developed  by P o p le ,
B ever idge  and Dobosh. I t  i s  c l o s e l y  r e l a t e d  to  th e  CNDO method,  
the  p r i n c i p a l  d i f f e r e n c e  i s  t h a t  a l l  o n e - c e n t r e  exchange i n t e g ­
r a l s  a r e  r e t a i n e d .  The l e s s  approxim ate  INDO method p r e s e n t s  
an im p o r ta n t  over  th e  CNDO/2 method f o r  the  t r e a t m e n t  o f  p r o b ­
lems r e l a t e d  t o  e l e c t r o n  s p i n  d i s t r i b u t i o n .
In  t h i s  method t h e  e lements  o f  the  u n r e s t r i c t e d  F - m a t r i x  can be 
w r i t t e n  as f o l l o w s :
yy u +yy
P^^<yy I AA> - < yA | yA>AA
BM (^BB " ^B^ ^AB (y on atom A) . . .  ( 2 .3 0 )
yv = (2P - P ) < yv I yv>yv iiv Iy - P <  yy I vv >  yv '
(y ^ V, bo th  on atom A)
. . .  ( 2 .3 1 )
and
yv ) - P*^  y . .  (y on atom A, v on atom B)yv yv AB.
. . .  ( 2 . 3 2 )
S i m i l a r  e x p r e s s i o n  f o r  F^ and F^ . For c lo sed  s h e l l  sys tem
yy yv
t h e  m a t r i x  e l em en ts  can be o b ta in e d  by p u t t i n g
p" .  pG = 1  p . . .  (2 .33 )
yv yv 2 yv
i n  th e  e q u a t io n  (2 .30)  to  ( 2 . 32 ) .
At th e  INDO l e v e l  t h e r e  a r e  e i g h t  o n e - c e n t r e  i n t e g r a l s  to  
be de te rm ined  f o r  atoms i n  t h e i r  v a l e n c e  s t a t e  which can be 
c a t e g o r i z e d  i n  th e  fo l l o w in g  form:
^ss* ^pp’ ^ s s ’ ^sp’ ^pp’ ^ s p ’ ^ p p '^ ^ P p '
where
g = < y y  I v v >  , h = <  yv I yv >  . . .  ( 2 .3 4 )yv yv '
(23)Pople  and Co-workers have  ex p re s s e d  th e  o n c e - c e n t r e  e l e c -
t r o n - r e p u l s i o n  i n t e g r a l s  in  terms o f  S la te r -C ondon  and
C2%)pa ra m e te r s  as
8 ss  “  ®sp = = ^AA . . . ( 2 . 3 5 )
h "  % G . . . ( 2 . 3 6 )sp 3
h , -  F^ . . . ( 2 . 3 7 )
PP 25
S p  = . . . ( 2 . 3 8 )
Spp'  = . . . ( 2 . 3 9 )
2S i m i l a r  e x p r e s s i o n s  a re  used  f o r  < s s  | zz >  , e t c .  The F
term i n  e q u a t io n s  ( 2 .3 8 )  and (2 .3 9 )  shows t h a t  the  i n t e r a c t i o n s
between e l e c t r o n s  i n  d i f f e r e n t  p o r b i t a l s  a re  d i s t i n g u i s h a b l e .
The i n t e g r a l  F° i s  e v a l u a t e d  t h e o r e t i c a l l y  from s l a t e r  atomic
o r b i t a l s  The v a l u e s  f o r  and F^ a r e  chosen e m p i r i c a l l y
so as to  g ive  the  b e s t  f i t s  w i th  e x p e r im e n ta l  atomic  energy
1 2l e v e l s .  The v a l u e s  o f  th e  G and F p a ram e te r s  used  i n  t h e  INDO 
method f o r  some f i r s t  row atoms a r e  l i s e d  i n  Table 2 .3  below:
1 2TABLE 2.3 The G and F p a ram e te r s  (au)
ATOM Li Be B C N 0 F
0.092012 0.1407 0.199265 0.267708 0.346029 0.43423 0.53230
p ' 0.049865 0.089125 0.13041 0.17372 0.219055 0.266415 0.31580
The v a l u e s f o r  the monoatomic core  i n t e g r a l s  U
yy
a r e  found semi-
e m p i r i c a l l y  by s u b t r a c t i n g  the  e l e c t r o n  i n t e r a c t i o n  te rms from 
th e  mean o f  the  i o n i z a t i o n  p o t e n t i a l ,  I ,  and the  e l e c t r o n  a f f i n ­
i t y ,  A, o f  the  a p p r o p r i a t e  av e rage  atomic  s t a t e s .
The following relations apply
Hydr o ££5= '  i  ( I  + = ^ s s  1 . .  ( 2 .4 0 )
Li th ium :  - ^  ( I  + A) = U + i  F° ----------- 2 s ss  2 . . .  ( 2 .4 1 )
2 = uPP + -|  F°
( 2 .4 2 )
B ery l l ium : " s s  "  I (2 .4 3 )
^  ( I  + A) = U + ^  F° - 7  2 p PP 2 4 ( 2 .4 4 )
Boron to
f l u o r e n e :
u +ss
U + 
PP
'A 2 F - —
. .  ( 2 .4 5 )
I  G'
2
25 A 2 . . .  ( 2 .4 6 )
where Z.^ i s  t h e  co re  charge  o f  atom A. When th e  o n e - c e n t r e
1 2exchange i n t e g r a l s  G and F a re  igno red  th e  INDO method 
reduces  t o  the  CNDO/2 method.
C. INDO/S method
( 26 )Del Bene and J a f f e  d iv id e d  the  t o t a l  o v e r l a p  Syv
i n t o  two p a r t s  o f  p i - p i  and sigma-sigma o v e r l a p ,  deno ted  as
cr IT
S and S r e s p e c t i v e l y .  F u r the rm ore ,  they  assumed t h a t  th e  yv yv
e f f e c t i v e  p i - p i  o v e r l a p  would be s c reen ed  d i f f e r e n t l y  to  the  
sigma-sigma o v e r l a p .  A ccord ing ly  th e  re so n an ce  i n t e g r a l  6^^
i s  g iv e n  by
Vv ■ i  ) . . .  ( 2 .4 7 )
where K i s  a pa ram e te r  t a k e n  to  be (1)  f o r  th e  s igma-s igma
o v e r la p  and 0 .585  f o r  the  p i - p i  o v e r l a p .  The bonding  p a ra m e te r s
8° and depend on ly  on th e  n a t u r e  o f  the  atoms A and B
r e s p e c t i v e l y ,  and they  a r e  a d j u s t e d  t o  rep roduce  the  s i n g l e t -
(26)s i n g l e t  t r a n s i t i o n  e n e r g i e s  o f  a g iven  r e f e r e n c e  m o lecu le
The p r i n c i p a l  d i f f e r e n c e  between INDO/S and INDO i s  t h e  i n t r o ­
d u c t i o n  o f  th e  K p a ra m e te r .  The INDO/S F - o p e r a t o r  i s  o f  th e
(23)same type  as the  INDO type  F - o p e r a t o r  o f  Pople  and B ev e r id g e  
The two e l e c t r o n  one c e n t r e  exchange i n t e g r a l s  a r e  a s  f o r  t h e  
INDO p ro c e d u re ,  the  two e l e c t r o n  Coulomb r e p u l s i o n  i n t e g r a l .
(27)y ^ ,  i s  e v a l u a t e d  ' f o r  INDO^by u s in g  the  p a r i s e r  a p p r o x im a t i o n
= ( I  - A ) . . .  ( 2 . 4 8 )AA y y
The two c e n t r e  Coulomb r e p u l s i o n  i n t e g r a l s ,  y^^ a r e  o b t a i n e d  
from th e  Nishimoto-Mataga  a pp rox im a t ion  th e  o v e r l a p
i n t e g r a l s  a r e  c a l c u l a t e d  over  a  s l a t e r  o r b i t a l  b a s i s ,  as i n  
o t h e r  (NDO) schemes . The monoatomic core  i n t e g r a l s  U a r e
yy
found semi e m p i r i c a l l y  in  a s i m i l a r  manner to  INDO.
The INDO/S p a ram e te r  v a l u e s  l i s t e d  i n  Table 2 .4  a r e  used  f o r  
some (NO) c o u p l in g  c o n s t a n t  c a l c u l a t i o n s .  Fo llowing  Del Bene 
and J a f f e  th e  p a r am e te r  K i s  t a ken  to  be 0 .585 .
Tab le  2 .4  P a ram e te rs  used  i n  INDO/S method ( a , b )
ATOM H C N 0 F
S l a t e r  exponent 1 . 2 1.625 1.950 2.275 2 .60
-  i  ( I s+A ;) 7.171 14.962 20.359 25 .390^^) 32.272^^^
-  i  ( I p +Ap )
- 5.806 8 .114 9 .111^^) 11 .08^^^
^AA 12.484 10.333 11.308 1 5 . 1 3 ' ^ ) 18.0^®^
1 2 . 0 17.5 26 .0 31 .0^^ ) 35 .0^^^
(a)  The o r i g i n a l  Krough J e s p e r s e n - R a t n e r  p a ram e te r s  a r e  used  
ex c e p t  t h o s e  f o r  0 and F . r e f e r e n c e  ( 2 5 . A)
(b) The o r b i t a l  el ec tronega tiv/Vi’es % ( I  + A ) ,  r e p u l s i o n
2 y y
i n t e g r a l s  7 ^  and 3° a r e  g iven  in  the  u n i t s  of  ev.
(c )  Taken from r e f e r e n c e  (1 9 ) ,
(d) Taken from r e f e r e n c e  ( 2 5 . B).
(e)  Taken from r e f e r e n c e  ( 2 5 . c ) .
The INDO/S method has  been a p p l i e d  w i th  some s u c c e s s  t o  the
p r e d i c t i o n  of  t r a n s i t i o n  e n e r g i e s ,  charge d i s t r i b u t i o n  and
(25 29)pho toc hem ic a l  p r o p e r t i e s  of  s e v e r a l  types  of  m o lecu le s  '
2 .6  APPLICATION OF APPROXIMATE MO THEORIES TO SPIN COUPLINGS
An e a r l y  a p p l i c a t i o n  of  MO th e o ry  i n  the  LCAO form was t h a t  of
McConell in  c o n j u n c t i o n  w i th  a ’mean e x c i t a t i o n  e n e r g y '
app ro x im a t io n  t o  avo id  the  i n c l u s i o n  of  terms i n v o l v i n g  i n d i -
(14)
v i d u a l  e x c i t e d  s t a t e s .  Pop le  and S a n t ry  deve loped  MO
th e o ry  of  n u c l e a r  s p i n - s p i n  c o u p l in g s .  Using an in d e p e n d e n t  
e l e c t r o n  LCAO-MO ap p ro x im a t io n  w i th  a min imal b a s i s  s e t  of  
v a l e n c e  s h e l l  atomic  o r b i t a l s ,  they  d em ons t ra ted  i t s  a p p l i c a t i o n  
to  the  co u p l in g  between the n u c l e i  of  d i r e c t l y  bonded atoms.
In the  th e o ry  of Pople  and S an t ry  the  ground s t a t e  m a n y - e l e c t r o n s  
wave f u n c t i o n  f o r  c lo se d  s h e l l  molecu le  i s  approx im ated  by a 
s i n g l e  d e t e r m in a n t  g iven  by e q u a t io n  ( 2 . 3 ) ,  The e x c i t e d  wave 
f u n c t i o n s  a r e  found w i t h i n  the  v i r t u a l  o r b i t a l  a p p ro x im a t io n  
by p romot ing  a s i n g l e  e l e c t r o n  from an occupied  MO
i n t o  an unoccupied  one y  There a r e  f o u r  such s t a t e s
f o r  each  e x c i t a t i o n ,  l e a d in g  t o  a s i n g l e t  and a t r i p l e t  w i th
1 3
c o r r e s p o n d in g  e x c i t a t i o n  e n e r g i e s  AE. , and AE. .i->j i->j .
. . .  •  •  • . . .  ( 2 . 4 9 )
3^ . . = j j _  [1 ^1*1 .. .
X^J I /2
1 * 1^1 • • •  I ]
. . . I
. . .  ( 2 . 5 0 )
The s i n g l y  e x c i t e d  t r i p l e t  s t a t e  appea rs  in  the  c o n t a c t  and 
d i p o l a r  components and the  s i n g l e t  s t a t e  i n  the  o r b i t a l  com­
ponen t s  o f  th e  s p i n - s p i n  coup l ing  e x p r e s s i o n .
A. The c o n t a c t  c o n t r i b u t i o n
The c o n t a c t  term of the  reduced  co u p l in g  c o n s t a n t  o b t a in e d  by 
Ramsey's  p e r t u r b a t i o n  th e o ry  approach  i s ;
-  ■ I f  n ^
% < : 0  I I  S (rp%) Spl n >  < „  I Z ) S ^ f o >
. . .  ( 2 .5 1 )
A f t e r  r e d u c t i o n  of  the  many e l e c t r o n  i n t e g r a l s  t o  one e l e c t r o n
m a t r i x  e l em en t s  of  the  D irac  d e l t a  f u n c t i o n  the  e x p r e s s i o n  f o r  
(3) i s  o b t a in e d  as
1 n o OCC u n O C C
4 n -  =  -  I T  * 0  B  ^  < , .  | 6 ( r ^ ) U . >
<  Kj I I > . . .  ( 2 .5 2 )
I —^ I I —^  Iwhere th e  e lem en ts  | 5(rQ,) | ^  I >
a r e  e l e c t r o n  i n t e g r a l s ,  and i  and j  a r e  summed over  occup ied  
and unoccup ied  MO's r e s p e c t i v e l y .  In  comparing e q u a t i o n  (2 .5 1 )  
w i th  e q u a t i o n  ( 2 . 5 2 ) ,  a f a c t o r  o f  3 /2  has  a p p ea red .  The 
num era to r  3 a r i s e s  from th e  s e p a r a t e  and e q u a l  d i s t r i b u t i o n  
of  the  t h r e e  e x c i t e d  t r i p l e t  s t a t e s  f o r  each  e x c i t a t i o n  ene rgy ,  
and th e  f a c t o r  ^  appea rs  from the  combined e f f e c t s  of  e v a l ­
u a t i n g  the  e l e c t r o n  s p in  p a r t  of  e q u a t i o n  (2 .5 1 )  and of  the  
n e c e s s a r y  use  of  a n t i - s y m m e t r i s e d  m o le c u la r  wave f u n c t i o n  ip.
Using a LCAO-MO ap p ro x im a t io n  the  conac t  term may be 
w r i t t e n  i n  te rms of  the  LCAO c o e f f i c i e n t s ,  C ' s ,  and a tomic  
o r b i t a l s  4>’s
'  l * P >
< 4 \ ,  >  . . . ( 2 . 5 3 )
By r e t a i n i n g  only  o n e - c e n t r e  i n t e g r a l s ,  (}), and ^ a r e  bo thA y
S - o r b i t a l s  on atom N and cj) , (t must be S - o r b i t a l s  on atom N'V o
s i n c e  i n n e r - s h e l l s  do n o t  c o n t r i b u t e  to  the  fo rm a t io n  of  
bonding M O ' s ,  the  most im p o r ta n t  terms a re  th o se  i n v o l v in g  
the v a l e n c e  s h e l l  S - f u n c t i o n  (IS f o r  hydrogen^and 28 f o r  bo ron ,  
ca rbon ,  n i t r o g e n ,  e t c . ) .  These S - f u n c t i o n s  may be w r i t t e n  as 
and S ^ , , and th e n
*41 ' " - IT  I ®^^N) 1"n >
' J i->j
where C i s  the LCAO c o e f f i c i e n t  o f  the  v a l e n c e  s h e l l  S 
o r b i t a l  c e n t r e d  on n u c l e u s  N i n  th e  i ^ ^  MO.
3 .In  SCF-MO c a l c u l a t i o n s  th e  e x c i t a t i o n  energy  i s  g iv e n
by th e  d i f f e r e n c e  of  o n e - e l e c t r o n  e n e r g i e s  (E. - E. - K . . + 2 J . . )
J 1 i j  i j
when and a r e ,  r e s p e c t i v e l y ,  th e  exchange and
Coulomb i n t e g r a l s .  I f  an i n d e p e n d e n t - e l e c t r o n  MO model i s  u sed ,
th e  K . . and J . .  i n t e g r a l s  a r e  s e t  t o  ze ro  and th e  e x c i t a t i o n  
i J  i J
energy  i s  (E^ -  E^) .  E q u a t io n  (2 .5 4 )  becomes
S 77 . . .  (2 .5 5 )
where ïï i s  w r i t t e n  f o r  the  mutua l  p o l a r i z i b i l i t y  of  theyv
(31)o r b i t a l s  (j) ,^ 4^  ^ as  i n t r o d u c e d  by Coulson and Longuet -Higgens
77 = 4 gcc gnocc _ E ) - l  c .  C. C. . . .  ( 2 . 56)
yv 1 J l y IV j y  j v
B. The d i p o l a r  c o n t r i b u t i o n  
(14)Pople  and S an t ry  have a l s o  d e r i v e d  e x p r e s s i o n s  f o r  the
o r b i t a l  and d i p o l a r  te rms .  The s p in  d i p o l a r  component of  the  
reduced  c oup l ing  o b ta in e d  as
< ' n |  Z [3 (S . r  ) r  r  ^ -  S r ^1  | o >^  ' a L a a. . .  q__. o__; a a_ J 'q q^,  q^,  q^i 9 % ^
. . .  ( 2 .5 7 )
3Only t r i p l e t  wave f u n c t i o n s  , as  in  th e  case  of  the  con­
t a c t  te rm a r e  mixed w i th  th e  g r o u n d - s t a t e  wave f u n c t i o n .  The 
many e l e c t r o n s  m a t r i x  e lem en ts  a r e  reduced  to  g iv e
4 4 '  2 "  2—  (^AE ) - :
12W . ,
Xpvo Gju Gjv " i a  I ’^ NB
4  < * v l  4 '  ^ N ' g
4 , 6 0 B) U ^ >  . . .  (2 .5 8 )
I f  only  o n e - c e n t r e  i n t e g r a l s  over atomic  o r b i t a l s  a r e  r e t a i n e d  
and the  d i s c u s s i o n  i s  l i m i t e d  t o  atomic  o r b i t a l s  up t o  2P, then  
(p^, must  be 2P o r b i t a l s  on atom N and 4>. j^4>o a r e  2P o r b i t a l s
on atom N' and a l l  o t h e r  one c e n t r e  terms v a n i s h ,  I f  e i t h e r  
of  t h e  coupled  n u c l e i  i s  hydrogen t h e r e  a r e  no c o n t r i b u t i o n s
C. The o r b i t a l  c o n t r i b u t i o n
The two c o n t r i b u t i o n s  forming th e  o r b i t a l  term can be con­
s i d e r e d  s e p a r a t e l y .  The f i r s t  c o n t r i b u t i o n  does n o t  in v o lv e  
e x c i t e d  s t a t e s
2
4my 3
( l a )  — —  OCC ^  I - 3 - 3  I, \
59)
The second c o n t r i b u t i o n  in v o lv e s  the  mixing of  the  g r o u n d - s t a t e  
f u n c t i o n  and e x c i t e d  s i n g l e t  s t a t e  f u n c t i o n s ,
C ’ ■ -  < r i >  ! "  ( « . . J
3 t t  .
1 J
where £ j  i s  th e  o r b i t a l  a n g u l a r  momentum of  e l e c t r o n s
i ,  j  abou t  n u c l e i  N and N ' , r e s p e c t i v e l y .
By u s i n g  th e  (LCAO) ap p ro x im a t io n  e q u a t io n s  ( 2 . 59 )  and ( 2 . 60 )  
become
Kü a ) _  n' c <-6 I -  . ' 3  -3m '-  3 ^1,2 i  %P ,ix ip *X' '^N ’^ N' '^N' ’^ N'
|(|) >  . . .  ( 2 .6 1 )
and
OCC u n o c c
4 4 - ^ =  ( ;o 3 ) 2  ? ? ( ' A E . ^ . )
pvo "iX Gju "iv "io^'^.xl^N *'n IAy a jy j
< ^ l  V \ '  1*0  >  . . . ( 2 . 6 2 )
( l a )A i l  terms of  g iv e n  in  e q u a t i o n  ( 2 . 6 l )  v a n i s h  i f  on ly  the
one c e n t r e  i n t e g r a l  i s  r e t a i n e d .
2.7 THE SOS PERTURBATION METHOD FOR THE CONTACT, ORBITAL AND DIPOLAR 
TERMS
O r i g i n a l l y ,  the  t h r e e  c o n t r i b u t i o n s  were fo rm u la te d  by Ramsey 
as the  ' s u m - o v e r - s t a t e s ' p e r t u r b a t i o n  method. Most t h e o r e t i c a l  
a t t e n t i o n  has  been p a id  to  the  c o n t a c t  i n t e r a c t i o n  which i s  
dominan t ,  e s p e c i a l l y  f o r  c o u p l in g s  i n v o l v in g  p r o t o n s .  I t  has  
been found t h a t  the  o r b i t a l  and d i p o l a r  terms make s i g n i f i c a n t  
c o n t r i b u t i o n s  in  a d d i t i o n  to  the  c o n t a c t  te rm, i n  t h e  ca se  of
coupling between nuclei other than protons especially in the
1 +. • 1 V J* (32-36) case  o f  m u l t i p l e  bonding  \ .
(37)Towl and Schaumburg have  a p p l i e d  the  SOS p e r t u r b a t i o n
app roach ,  based  on CNDO and INDO a p p ro x im a t io n s ,  to  e s t i m a t e
th e  magnitude  o f  a l l  th e  t h r e e  c o n t r i b u t i o n s  to  th e  n u c l e a r
s p i n - s p i n  c o u p l in g  c o n s t a n t s  between two f i r s t  row e lem en ts  i n
d i f f e r e n t  m o le c u la r  e n v i ro n m en ts .  T h e i r  approach  can be  viewed
(38 39)as an e x t e n s i o n  of  th e  work of  M u r re l l  and D i t c h f i e l d  ' i n  
o r d e r  to  i n c l u d e  the  c a l c u l a t i o n  of  o r b i t a l  and d i p o l a r  c o n t r i ­
b u t i o n s .  The c a l c u l a t i o n s  a r e  c a r r i e d  ou t  i n  two a l t e r n a t i v e
ways , t h a t  i s ,  e i t h e r  f i x i n g  th e  v a l u e s  of  the  < S  j 6 ( r )  { S >
-3and < r  >  i n t e g r a l s  or  a l lo w in g  them to  v a ry  w i th  m o l e c u la r
-3e nv i ronm en t .  The < r  >  i n t e g r a l s  a r e  c a l c u l a t e d  u s i n g  
s l a t e r  o r b i t a l s  w i th  b o th  c h a rg e - i n d e p e n d e n t  and c h a rg e -d e p e n d e n t  
e xponen t s .  The i n t e g r a l s  used  i n  the  ’ f i x e d  i n t e g r a l ’ a p p r o x i ­
m at ion  a r e  c a l c u l a t e d  from exponent  o b t a in e d  f o r  n e u t r a l  atoms from 
s l a t e r  r u l e s .  For th e  ’v a r i e d  i n t e g r a l ’ a p p ro x im a t i o n ,  t h e s e  i n -
0 7 )t e g r a l s  a r e  c a l c u l a t e d  from exponent  o b t a in e d  f o r  cha rged  atoms 
where t h e  a tomic  charge  i s  th e  v a l e n c e  g ro ss  p o p u l a t i o n  which 
depend on th e  m o le c u la r  env i ronm en t .  The ground s t a t e  wave 
f u n c t i o n  i s  t a ken  to  be a s i n g l e  d e t e r m in a n t  of t h e  one e l e c t r o n  
o r thonorm al  MO’ s ,  as i n  e q u a t i o n  ( 2 . 3 ) .
E x c i t e d  s t a t e  wave f u n c t i o n s  a r e  found w i t h i n  the  v i r t u a l  o r b i t a l  
ap p ro x im a t io n  by p romot ing  a s i n g l e  e l e c t r o n  from an o ccup ied  
MO i n t o  an unoccupied  one ij;^, fo u r  such s t a t e s  e x i s t  f o r  
each e x c i t a t i o n  l e a d i n g  to  s i n g l e t  and t r i p l e t  wave f u n c t i o n s
which a re  g iven  i n  e q u a t io n s  (2 .4 9 )  and ( 2 . 5 0 ) .  Improved ex ­
c i t e d  s t a t e  wave f u n c t i o n s  can be o b ta in e d  through a c o n f i g u r a t i o n  
i n t e r a c t i o n  (C l)  c a l c u l a t i o n  u s in g  th e s e  s im ple  f u n c t i o n s  as the  
b a s i s  s e t .
The f i n i t e  m a t r i x  e lements  of  the  m o le c u la r  H am i l ton ian  H w i t h i n
.u -  n. • • (40)t h i s  b a s i s  a r e  g iven  by
H - E <  i i  . . .  (2 .63)
1 o J 1
H = - < i k  I j £ >  i ,  j  f  k , £  . . . ( 2 . 64)
J H - E^ = £j  - £ i  - < i i  | j j > +  2
< i j  j i j >  . . .  ( 2 . 65 )
1 i I A
<  I’i  1 H 2 < i j  I k£> - < i k  j j £> i ,  j  f
. . .  ( 2 . 66)
where
( i j  | U  ) = J T  * . ( 1 ) ^ j ( l )  \ ( 2 ) <p^(2)
dx^ dx^ . . .  ( 2 . 6 7 )
a re  the  one e l e c t r o n  MO e n e r g i e s ,  and i s  the
energy  f o r  th e  c lo s e d  s h e l l  ground s t a t e  wave f u n c t i o n
Using the  LCAO approach e q u a t i o n  ( 2 . 1 )  and the  CNDO ap p ro x im a t io n ,
e q u a t i o n  ( 2 . 67 )  becomes
( i k  I = §,N' % 5 C.^ (XX I . . . ( 2 . 6 8 )
and f o r  the  INDO c a s e .
(Xy | Xy)  . . .  ( 2 . 69)
N
where N and N' a re  c e n t r e s ,  Z i s  th e  summation over  a l l  atomic
o r b i t a l s  y on N, and (yv 1 Xo) i s  d e f in e d  a n a lo g o u s ly  t o  ( i j  [ k&),
(Xy I Xy) becomes zero  i f  X and y a r e  n o t  on the  same atom.
The e x c i t e d  s t a t e s ,  e i t h e r  s imple or  improved a r e  r e p r e s e n t e d  by
™(j) w i th  e n e r g i e s  r e l a t i v e  t o  the  ground s t a t e  of  ™AEn n
w i th  m = 1 or 3 and 1 n A N and w r i t t e n  as
I  d . . .  ( 2 . 7 0 )
\  = d j ) =  I ^ "
\ =  M  f  ( i j ) ,  „  . . . ( 2 . 7 1 )
where ( i j )  i s  a s s ig n e d  t o  the  MOi to  MOj e x c i t a t i o n  out  of  the  
whole c o l l e c t i o n  o f  p o s s i b l e  e x c i t a t i o n s .  In m a t r ix  n o t a t i o n s  
( 2 . 70 )  and ( 2 . 71 )  become
( 1 $ )  = ( 1 \ ^ ) f  • ••  ( 2 . 73)
where d and f  a r e  the  e ig e n  v e c t o r  m a t r i c e s  d e f i n i n g  th e  whole 
s e t  of  t r i p l e t  and s i n g l e t  e x c i t e d  s t a t e  c o n f i g u r a t i o n  i n t e r ­
a c t i o n  (CI)  wave f u n c t i o n s ,  i f  the  "^0  r e p r e s e n t s  th e  s im ple
wave f u n c t i o n s ,  d e f i n e d  i n  e q u a t io n s  ( 2 . 70 )  and (2 .7 1 )  th e  
m a t r i c e s  become u n i t  m a t r i c e s ,  i . e .
d , . . \  = f / . . \  = 5 | ( i j ) , n i  . . .  ( 2 . 74 )( i j ) , n  ( i j ) , n  ( ’
and th e  a re  o b ta in e d  d i r e c t l y  from e q u a t io n s  ( 2 . 6 3 )  and
( 2 . 6 5 ) .
Using e q u a t io n s  (1 .2 1 )  and ( 2 . 1 )  and s u b s t i t u t i n g  e q u a t i o n  ( 2 . 70 )
i n t o  e q u a t i o n  ( 2 . 5 2 )  the  e x p r e s s i o n  f o r  the  Fermi c o n t a c t  term 
i s  o b ta in e d  as
/ A o occ unocc occ unocc
4 n ' = -  9 k ( k e f / " )   ^ (^AE ) - l  ? ? ^ ^n n 1 j  k &
^ ( i ^ j ) , n  ^(k->£),n ^iC
< ^ l  ^ ( V  • • •  (2 -75 )
By r e t a i n i n g  on ly  one c e n t r e  i n t e g r a l s ,  t h i s  becomes, w i t h i n  t h e  
core  a pp rox im a t ion  used  i n  th e  INDO method
/ n\ / 9 o T occ unocc occ unocc
^kS^,
< S n M ( V | ^ N >  < ® N ' M ( V )  P n - >  • • • ( 2 . 7 6 )
The symbols i n  e q u a t i o n  ( 2 . 76)  have t h e i r  u s u a l  meanings .
3The d i p o l a r  component can be o b ta in e d  by s u b s t i t u t i n g  c})^  g iven  
i n  e q u a t i o n  ( 2 . 70)  i n t o  e q u a t i o n  (1 .1 7 )  and r e t a i n i n g  only  one- 
c e n t r e  i n t e g r a l s ,  where on ly  th e  2P atomic o r b i t a l  terms a r e  
n o n - z e r o ,  and e v a l u a t i n g  a l l  of  the  rem a in ing  i n t e g r a l s
(2)
e x p l i c i t l y ,  i s  g iven
. 2 2 3 1 unocc occ unocc
50 (koB/2% ) ^  ^ 2 I I
1 j  k  Jl
N'
c.  c .  c.
+ C. C. C, c .  + c .  c .  c c„
2 %  ky„ .  % .  I^N kZj,. 2 zj,,
-  2 C. C. (C, C„ + C C )ky^,  &y^, kz «.z^,
^'^kXj,' * ^kz^ ,
+ C. C. (C, C„ + C c„ )kx^ ,  %x%, ky^,  iyjj,
+ 3 (C. C. + C. C. ) (C, C.
1%N AfN'
+ c, c;i ) 
ky„ .
+ (C. c .  + C. C. ) (C c
kx^,  tz%,
^kz^ '
+ c, c )
k % '  %:%'
. . .  ( 2 . 77)
I f  one o f  t h e  n u c l e i  N o r  N' be longs  t o  a hydrogen atom
t(2)KN' v a n i s h e s .
The o r b i t a l  c o n t r i b u t i o n s  may be o b ta in e d  by u s in g  the
LCAO-MO a p p ro x im a t io n ,  and s u b s t i t u t i o n  of  e q u a t io n  ( 2 .7 1 )  i n t o
e q u a t io n s  ( 1 .1 8 )  and (1 .1 4 )
M
t  C.^ C < 4 ^ 1Xy iX jy
■n ‘ "n ' '  "N "N' 'r J  | * u >  . . .  ( 2 .7 8 )
and
^ (?jc^2) ^(k->£),n Xyva ^iX ^ jy  ^kv
< h ]  ("N *
 ^ <*ol  V  l‘*’v >  •••  ( 2 . 79)
( l a )I f  on ly one c e n t r e  i n t e g r a l s  a re  r e t a i n e d ,  th e n  becomes
( lb  )n e g l i g i b l e  and c o n t a in s  only terms i n v o l v in g  2P o r b i t a l s .
occ unocc occ unocc 
E E  E E
i  j  k 2
f  f  -3  -3
( i -> j ) ,n  (k->£),n ^  ^ N N’
t(C. C. C. C. ) (C -  C )
I J^N ■ 1)%, kx^ '  kyj,, (Lx^,
+ (C. C. -  c .  c .  ) (C, C„ -  c, c„ )kx^ ,  kz^ ,  «.Xjj,
+ (C. c .  -  c .  c .  ) (C -  c C„ )
% ’ N’ N’ % '
. . .  (2 .80 )
I t  i s  obvious  t h a t  v a n i s h e s  i f  one of  th e  n u c l e i  N o r  N*
b e longs  to  a hydrogen atom.
I , —3
The i n t e g r a l s  (S j 6 ( r )  | S) and r  )> f o r  f i r s t  row atoms
a r e  found from th e  g e n e r a l  fo rmula
, -> , 192 d  i \
(2S I 6 ( r )  I 2S) = -----------------------   —
w ( C, + -  192
and
-3 ç2
<  r  >  =  2 . .  . ( 2 .8 2 )
3
where and a re  th e  s l a t e r  exponents  o f  th e  ( IS )  and
(28 ,  2P) s h e l l s ,  r e s p e c t i v e l y .
I —  ^ IIn  t h e  case  o f  hydrogen ,  (S I 6 ( r )  ( S) was g iven  by
, -  4(IS I 5 ( r )  I IS)  = . . .  ( 2 .8 3 )
The f ix e d  v a l u e s  o f  the  r e l e v a n t  i n t e g r a l s  f o r  v a r io u s  atoms
. n  (37)a re  g iven  as fo l low s  .
TABLE 2 .5  F ixed  v a lu e s  o f  one c e n t r e  i n t e g r a l s  (Au ^ )
Atom < S^ (0)
H - 0.550
B 0.732 1.523
C 1.430 3.012
N 2.472 5.246
0 3.925 8.376
F 5.859 12.554
A n e u t r a l atom exponent  o f  1.,2 i s  used f o r  hydrogen .
I n  th e  c a l c u l a t i o n s  where the  i n t e g r a l s  a r e  al lowed t o  v a ry  
a c c o rd in g  t o  m o le c u la r  env i ronm en t ,  f o r  th e  f i r s t  row atoms 
i s  e v a l u a t e d  from S l a t e r ' s  r u l e s  i n  the  form
;  = 0 .5  [ z  - 1 .7  - 0 .35  (P -1 ) ]  . . .  ( 2 .8 4 )
where P i s  the  v a l e n c e  s h e l l  g ro s s  p o p u l a t i o n  and Z i s  th e  
atomic  number o f  the  atom, i s  independen t  o f  P.
For hydrogen  atom, i s  e v a l u a t e d  from
;  = 1 .2  [ l . O  - 0 . 3  ( P - 1 ) ]  . . .  ( 2 .8 5 )
when P = 1 g ive s  = 1.2
I n  a l l  our c a l c u l a t i o n ,  th e  c o n f i g u r a t i o n  i n t e r a c t i o n  i s  n e g ­
l e c t e d ,  because  i t  c o s t s  c o n s i d e r a b l e  computer t ime.
2 .8  CALCULATION OF NUCLEAR SPIN-SPIN COUPLINGS BY USING THE SELF 
CONSISTENT PERTURBATION THEORY (SCPT)
A r a t h e r  d i f f e r e n t  approach t o  t h e . c a l c u l a t i o n  o f  n u c l e a r  s p i n -
(32 42)s p i n  co u p l in g  has  been proposed  by B l i z z a r d  and S an t ry  ’ in  
which a l l  c o n t r i b u t i o n s  to  th e  n u c l e a r  s p i n - s p i n  c o u p l in g  con­
s t a n t s  a re  e v a l u a t e d .  This  does n o t  r e q u i r e  the  c a l c u l a t i o n  o f  
e x c i t e d  s t a t e  wave f u n c t i o n s  and e n s u re s  t h a t  the  d e s i r a b l e
f e a t u r e s  o f  e l e c t r o n - e l e c t r o n  i n t e r a c t i o n  a r e  in c lu d e d  i n  th e
p e r t u r b a t i o n  t r e a t m e n t  t o  the  same l e v e l  of  app rox im at ion  as
i n  the  u n p e r tu r b e d  wave f u n c t i o n .  This  method and the  f i n i t e
(43)p e r t u r b a t i o n  th e o ry  , have much in  common b u t  the  fo rmer  i s
more econom ica l  i n  terms o f  computer  t ime .
The c o u p l in g  J ^ , , b e t w e e n  two n u c l e a r  s p in s  and i s
( 2 )o b ta in e d  by c a l c u l a t i n g  E ^ ,  , t h e  second o r d e r  p e r t u r b a t i o n  t o  
th e  e l e c t r o n i c  energy  o f  the  molecule  due to  t h e s e  n u c l e a r  
s p in s
‘^ NN’ 2tt ( 2 .8 6 )
Using th e  Hellmann-Feynman theorem E^^^ , may be w r i t t e n
as a f i r s t  d e r i v a t i v e  w i th  r e s p e c t  to  the  n u c l e a r  m agne t ic
 ^ (32)moment
(p^) I I <p( Pj,)>
” I N I
. . .  (2 .87)
A
3H. ,
where =  E' ^ (y ) r e p r e s e n t s  the  w av e fu n c t io n  f o r  t h e
"M' J ■, N
m olecu le  i n  the  p r e s e n c e  of  th e  p e r t u r b i n g  n u c l e a r  s p i n  of  atom 
N and H^, i s  t h e  p e r t u r b a t i o n  o p e r a t o r  due t o  the  n u c l e a r  s p in  
o f  atom N.'
The forms o f  \p (y^)and depend upon which of  the  t h r e e  
coupling mechanisms ( c o n t a c t ,  o r b i t a l  and d i p o l a r )  i s  under  
c o n s i d e r a t i o n .  For each ty pe  of  p e r t u r b a t i o n ,  the  d e r i v a t i v e  
w i th  r e s p e c t  to  i n  e q u a t i o n  (2 .8 7 )  may be c a l c u l a t e d  from 
th e  f i r s t  o r d e r  p e r t u r b a t i o n ,  t o  the  LCAO-MO c o e f f i c i e n t ,
C.C^^^is  e v a l u a t e d  d i r e c t l y  from th e  u n p e r tu rb e d  c o e f f i c i e n t  
m a t r i x ,  C^°^,  by means o f  m a t r i x  m u l t i p l i c a t i o n s .
I f  we use SGF e q u a t io n s
FC . = C . e . 
J J J
where C^  i s  th e  column v e c t o r  ç f  c o e f f i c i e n t s  f o r  the  MO 
w i th  energy  Z y  The f i r s t  o r d e r  p e r t u r b a t i o n  t o  t h i s  MO i s
g iven  by(^^)
J
unocc X (o)  ( o ) v - l  ^ (o )  9-' ( o)
Z
£ 3
. . .  ( 2 . 8 8 )
where t h e  sum i s  t a ken  over th e  unoccupied  o r b i t a l s  on ly .  F^^^ 
in  e q u a t i o n  (2 .8 8 )  i s  th e  f i r s t  o r d e r  change i n  the  Fock m a t r i x  
due t o  th e  p e r t u r b a t i o n  under  c o n s i d e r a t i o n  and g iven  by
p ( l )  ^ y ( l )  +
Iwhere r e p r e s e n t s  t h e  one e l e c t r o n  c o n t r i b u t i o n  g iv i n g  the
f i r s t  o r d e r  e l e c t r o n - n u c l e u s  i n t e r a c t i o n ,  i s  th e  e l e c t r o n
r e p u l s i o n  p a r t  which depends on the  p e r t u r b e d  e l e c t r o n  d i s t r i ­
b u t i o n  i n  s e l f  c o n s i s t e n t  way. This  e l e c t r o n  d i s t r i b u t i o n  i s  a 
f u n c t i o n  o f  and depends on so t h a t  e q u a t io n
( 2 .8 8 )  must  be s o lv ed  by i t e r a t i o n .  F^^^ and the  d e r i v a t i v e s  i n  
e q u a t i o n  ( 2 . 8 8 )  a r e  s p e c i f i e d  as fo l low s  i n  o r d e r  t o  o b t a i n  the  
second  o r d e r  energy  in  th e  form of f o r  the  t h r e e  c o n t r i ­
b u t i o n s  to  th e  c o u p l i n g s .
A. Con tac t  te rm
I f  a p e r t u r b i n g  s p i n  due t o  n u c leu s  N i s  l y i n g  in  th e  z d i r e c t i o n ,  
t h e  p e r t u r b a t i o n  o p e r a t o r  f o r  th e  c o n t a c t  i n t e r a c t i o n  i s  g iven  by
= . . . ( 2 . 8 9 )
where th e  symbols have  t h e i r  u s u a l  meaning.  This  o p e r a t o r  w i l l  
induce s p i n  p o l a r i z a t i o n  in  t h e  wave f u n c t i o n  f o r  th e  m o lecu le .  
Thus can be w r i t t e n  i n  th e  u n r e s t r i c t e d  form
1
= (2 n ! )  ^ I (1)  a (1)  . . .  (n)  a (n)
(n+1) 6 ( n + l )  . . . )|)^(2n)3 (2n) I . . .  ( 2 .9 0 )
Here the  s p a t i a l  MO's and a re  p e r m i t t e d  to  be d i f f e r e n t ,
bu t  the  t o t a l  number,  n ,  o f  a e l e c t r o n s  remains  e q u a l  to  th e  
t o t a l  number o f  3 e l e c t r o n s .  With t h i s  f u n c t i o n ,  the  many
e l e c t r o n  i n t e g r a l  i n  e q u a t i o n  (2-87) reduces  to
|i|.“ ( D a  ( D >
+ < * !  (1)  6(1)1%^^)
| v f ( l ) g  ( ! ) > ]  . . .  ( 2 . 9 1 )
-  i ,  [ < • “
1—  1
- < * i  I h ( J )  U ? > ]  . . .  ( 2 . 9 2 )
Where and ij;? a r e  f u n c t i o n s  o f  and H^}^is th e  d e r i v a t i v e  
o f  t h e  one e l e c t r o n  v e r s i o n  o f  the  o p e r a t o r  i n  e q u a t i o n  ( 2 .8 9 )  
f o r  n u c leu s  N' w i th  r e s p e c t  to  and w i th  e l e c t r o n - s p i n  o p e r ­
a t i o n  c o m p le t e , i . e .  - . ■
4 ' ^  = 1  •••  ( 2 .9 3 )
i f  th e  fo l l o w in g  LCAO app rox im at ion  i s  made
’•’f a  . . .  ( 2 . 9 4 )
where t h e  (p^  a re  S l a t e r - t y p e  atomic o r b i t a l  b a s i s  f u n c t i o n s ,  and 
i f  we d e f i n e  a and 3 e l e c t r o n  d e n s i t y  m a t r i c e s
P“  = r  c“ * c“ . = ' 2  C^ * C^.  . . .  ( 2 . 9 5 )ov oj p j .  ov oj vj
E qua t ion  ( 2 .9 2 )  may be  w r i t t e n  as
where
| * v >  . . . ( 2 . 9 7 )
and the  s p i n  d e n s i t y  m a t r i x  i s  g iven  by:
- 4 v  . . .  ( 2 . 9 8 )
ct . . . tWhen t h e r e  i s  no p e r t u r b a t i o n ,  y ^ ^ '=  0 ,  P i s  i d e n t i c a l  to  P 
and p  thus  becomes z e ro .
( 2 )Using e q u a t i o n  ( 2 .9 6 )  th e  e x p r e s s i o n  f o r  E^^, in  e q u a t i o n  ( 2 . 8 7 )
may be written as
9
9y N ' ey N=0 . . .  ( 2 .9 9 )
The f i r s t  o r d e r  change in  w i th  r e s p e c t  t o  y^ i s  g iven  by
( 1)
ov
_ 9
9yN ov
^ n r çO ( 1 )*  ç,a(o)
^3= A [
+ c ( ° ) *  c“ ( 2 ) ]
a j  v j  J . . .  ( 2 . 100)
where the  s u p e r s c r i p t s  (1)  and (o)  r e f e r  to  p e r t u r b e d  and un­
p e r t u r b e d  q u a n t i t i e s ,  r e s p e c t i v e l y .
From th e  symmetry o f  th e  o p e r a t o r  we have
p a d )  ^ _ p g d )
. . .  ( 2 . 101)
Hence,  e q u a t i o n  (2 .1 0 1 )  shows t h a t  i t  i s  n e c e s s a r y  t o  s o lv e  
e q u a t i o n  ( 2 .8 8 )  only f o r  an a p e r t u r b a t i o n ,  and
2Pa ( l )ov . . .  ( 2 . 1 0 2 )
N=0
Using the  INDO a pp rox im a t ion  and r e t a i n i n g  only  one c e n t r e  con-
A ( i )  A(l )
t r i b u t i o n s  t o  H„, , <  (j) H„, I ({) >  v a n i s h e s  u n l e s sN 01 N I V
6 = 6 =  v a l e n c e  S - o r b i t a l  on atom N ' , so t h a ta V
= 1  V  4 '  ( ° )  • ••  (2 .1 0 3 )
N N
( 2 )An i t e r a t i v e  c a l c u l a t i o n  o f  due to  the  c o n t a c t  i n t e r a c t i o nNN
i s  per formed  th rough  e q u a t io n s  ( 2 . 8 8 ) ,  ( 2 . 9 9 ) ,  (2.100)  and (2.102)
The e lem en ts  o f  a re  g iven  by
^ ^ 9 2
V n = 3 V O n ( ° )  . . . ( 2 . 1 0 4 )
= - E <aX I aX>, (aandX  on th e
00 \  AA
same atom) . . .  (2.105)
~ ” ( < av I ov > + <  aa | vv > ) . . .  (2.106)
(a and X on same atom 
b u t  Q ^ v)
G^(l) = - P^(l )  < aa I v v >  ; . . .  (2.107)av av '
(a and v on d i f f e r e n t  
atom and a  ^ v)
In  p r a c t i c e  i t  i s  more c o n v e n ie n t  to  s e t
ijCx(l)
= 1 ... (2.108)N N
and t o  m u l t i p l y  t h e  r e s u l t i n g  f i r s t - o r d e r  bond o r d e r  by th e
f a c t o r  y 6 (0 )  .3 o N
With t h i s  cohvens ion  f o r  and from e q u a t io n s  ( 2 . 9 9 ) ,  (2 .1 0 2 )
and ( 2 .1 0 3 )  the  c o n t a c t  c o n t r i b u t i o n  to  the  second o r d e r  ene rgy  
i s  g iven  by
4 n - = 1  •••  (2 -109 )
where P^^^^ i s  a d i a g o n a l  el emen t of  the  f i r s t  o r d e r  bond o r d e r
SüTN'
m a t r i x  c o r r e s p o n d in g  to  th e  S - o r b i t a l  on atom N. Then th e  con­
t a c t  c o n t r i b u t i o n  t o  . i sNN
^  ( | r )  k /  s2 ( 0 ) s2,  ( 0 ) . . .  ( 2 .1 1 0 )
B. The o r b i t a l  te rm
The p e r t u r b a t i o n  o p e r a t o r  f o r  the  i n t e r a c t i o n  between a n u c l e a r  
s p i n  l y i n g  i n  the  z d i r e c t i o n  on atom N and th e  o r b i t a l  motion 
o f  the  e l e c t r o n s  i s
= (k ,ev %/h) 1 . . .  (2 .111)
where i s  t h e  o p e r a t o r  f o r  the  z component of  th e  o r b i t a l
a n g u l a r  momentum of  e l e c t r o n  k about  nuc leus  N. In  c o n t r a s t  
t o  the  o p e r a t o r  f o r  the  c o n t a c t  i n t e r a c t i o n  ( e q u a t i o n  ( 2 .8 9 )  ) ,  
t h i s  o p e r a t o r  does n o t  cause  s p i n  p o l a r i z a t i o n  b u t  causes  an 
im ag inary  p e r t u r b a t i o n  t o  th e  wave f u n c t i o n .
The s e c o n d - o r d e r  energy  in  t h i s  case i s
av
3
By av
N N = 0
. . .  ( 2 . 112)
where
. . .  ( 2 .1 1 3 )
and
HN' (1)av = < 4>. N' >
=  \ K >
. . .  ( 2 .1 1 4 )
W ith in  the  framework of  the  INDO approx im at ion  and r e t a i n i n g
only  one c e n t r e  i n t e g r a l s ,  the  only non -ze ro  e lem en ts  of
„ N ' ( 1 )
“ ov
,N ' (1 ) -3 . . .  ( 2 .1 1 5 )
where x_., and y . .  a r e  t h e  v a l e n c e  s h e l l  P and P o r b i t a l sM X y
-3 , -3
o f  atom N ' , < r  > i s  th e  e x p e c t a t i o n  v a lu e  of  r  f o r
-3,v a l e n c e  s h e l l  P o r b i t a l s  on atom N ' , and i s  d e f in e d  by<(P^j r  | Py)>
The i n t e r a c t i o n  causes  an im aginary  p e r t u r b a t i o n  to  the  wave 
f u n c t i o n  because  i t  comes from the  x component of  the  a n g u l a r  
momentum o p e r a t o r  which i s  im ag inary .  The p e r t u r b e d  bond o r d e r ,  
as expanded t o  th e  f i r s t  o r d e r ,  i s
P = 2av Z ( c [ ° )  - i c [ V  ) + iC^.P ) . . .  ( 2 .1 1 6 )a i a i
Hence
f i )
av ByN av
occ 
2 i  E (C^?^ C a i  V I
N=o
-  c ( i )  c ( ° ) )a i  VI . . .  (2 .1 1 7 )
and
av = - P
( 1)
av
( 2 .1 1 8 )
The p e r t u r b e d  INDO Fock m a t r i x  e lem en ts  a re
‘v.= - H( 1 ) - i  (y^3/27i) <  r  ^ ^ ( 2 .1 1 9 )
= 0
00
(2.120)
= - J  ( < 0 0  I vv >  - <  av I ov >  ) . . .  ( 2 .1 2 1 )
(v and a on th e  same atom v 9^= a )
4 “  = < ° ° l  ' ' k>   ^ . . . ( 2 . 1 2 2 )
( V and a on d i f f e r e n t  atoms
V
I n  the  a c t u a l  c a l c u l a t i o n
4^ 1 = - 4 4  = - 1 . . . ( 2 . 1 2 3 )
(1) . . . . “3i s  used  and P i s  m u l t i p l i e d  by th e  f a c t o r  i  (y^3/2ïï)  <  r  >  ^ *
The o r b i t a l  c o n t r i b u t i o n  t o  the  second o r d e r  energy  i s  o b t a in e d  
as
e4 -  = i  (ko®/")'  < " ■ ' >  N < r"'  >  N' . . .  (2.124)
This  i n t e r a c t i o n  i s  n o t  i s o t r o p i c .  Hence th e  c a l c u l a t i o n  must  
be r e p e a t e d  w i th  the  p e r t u r b i n g  n u c l e a r  s p in  y^,  i n  th e  X  and 7
d i r e c t i o n s .  The f i n a l  c o n t r i b u t i o n  t o  i s  found from the
average  o f  t h e  t h r e e  c a l c u l a t i o n s  and tu e  coalir(b*o.i(oM, u iU en  
in  lU e  % direcHoi^ i s  gtvjen L)y -
= *11)  ^ „ 2 . 2 ...................... _3
^NN' ’ E y ( - — ) " o E  < r "  > N
-3
^  ^ >  N' . . .  (2.125)
c .  The dipolar term
The p e r t u r b a t i o n  o p e r a t o r  f o r  the  d i p o l a r  i n t e r a c t i o n  due to  
t h e  p e r t u r b i n g  s p i n  on atom N i s  g iven  by
"  ( U g g / Z n )  g  I  [3 ( S ^ . r ^ ^ )  ( y ^ . r ^ ^ ) /  r^^^ j
[ ] } . . .  ( 2 .1 2 6 )
I f  y^ i s  l y i n g  i n  t h e  z d i r e c t i o n ,  the  one e l e c t r o n  v e r s i o n  o f  
t h i s  o p e r a t o r  becomes
H -  (y 3/2w) y r  ^ [ 3xzS + 3yzS + (3z^ - r ^ )  S 1N o  N L X y z j
. . .  ( 2 .1 2 7 )
The d i p o l a r  i n t e r a c t i o n  i s  the. most  d i f f i c u l t  one to  c a l c u l a t e  
because  i t  causes  e l e c t r o n  s p in  p o l a r i z a t i o n  and s i m u l t a n e o u s l y  
i n t r o d u c e s  bo th  r e a l  and im ag inary  p e r t u r b a t i o n s  i n t o  th e  wave 
f u n c t i o n s .  The im aginary  p e r t u r b a t i o n  a r i s e s  from t h e  i n c l u s i o n
A
of  X and y components of  the  e l e c t r o n  s p in  o p e r a t o r  . The
A.
p re s e n c e  of  S and in  w i l l  l e ad  to  mixing of  b o th  a and 3 
s p in  c h a r a c t e r  i n t o  a s i n g l e  MO. To a l low  f o r  t h i s  s p e c i a l  k in d  
of  s p in  p o l a r i z a t i o n ,  an im p o r ta n t  m o d i f i c a t i o n  i s  made t o  b o th  
the  b a s i s  s e t  to  be used in  th e se  c a l c u l a t i o n s  and t o  th e  u n r e ­
s t r i c t e d  H a t ree -F o ck  method i t s e l f .
The MO's are expanded as linear combinations of spin atomic
o r b i t a l s  (LCSAO). At th e  INDO l e v e l  the  b a s i s  s e t  i s  composed
of  IS o r b i t a l s  from each hydrogen  atom, and (28,  2P^, 2P^ and
2P ) o r b i t a l s  from each f i r s t  row atom i n  th e  m o lecu le .  For 
z
the  pu rpose  o f  s p in  d i p o l a r  c a l c u l a t i o n s  th e  o r i g i n a l  b a s i s  s e t
(28 ,  2P , 2P and 2P ) is doubled by including a and 3 spin 
X y z
o r b i t a l s  f o r  each atomic o r b i t a l .  A l l  of  the  a - s p i n  AO's a re  
a r r a n g e d  so as to  p rece ed  a l l  o f  the  3 - s p i n  AO's.
To accommodate t h i s  new b a s i s  s e t  the  u n r e s t r i c t e d  H a t ree -F o ck  
method i s  a l s o  m od i f ied  and t h e  r e q u i r e d  e q u a t io n s  a re  o b t a in e d  
from the  v a r i a t i o n a l  p r i n c i p l e  as
■ r c “ i
J
= £.
J
pSa cE
 ^ J ^
1 . . .  ( 2 .1 2 8 )
aawhere F and F a r e  unchanged from u s u a l  u n r e s t r i c t e d
a3H a t ree -F o ck  o p e r a t o r s ,  and F i s  g iven  by
,ot3 _ ,ay occ 6* a I ,F'"" = HT" - E E E C;.  C . .  < c î A ^ V >  . . .  (2 .1 2 9 )
av av #  % j d j  Xj '
where C^j i s  the  c o e f f i c i e n t  of  the  atomic s p in  o r b i t a l
i n  the MO, and
-If^^Cl) 4.^(1) ( r ' 2 )  4 / 2 )  4^ (2 )
dTj dT^ . . .  (2 .1 3 0 )
E q u a t io n  (2 .1 2 8 )  i s  s o lv ed  u s in g  the  SGF p e r t u r b a t i o n  th e o ry
which i s  g r e a t l y  s i m p l i f i e d  by the  f a c t  t h a t  fo r  a c lo s e d
s h e l l  m o lecu le  th e  MO's a re  pure  s p in  o r b i t a l s .  Hence,  f o r  a
g iven  MO, e i t h e r  ^ 0  and C? =0 or C? ^0 and C? =°
J J J J 3
The Block d i a g o n a l  s t r u c t u r e  o f  F^°^ and the  MO's i n  e q u a t i o n  
(2 .1 2 8 )  p e r m i t s  a f a c t o r i n g  o f  the  p e r t u r b a t i o n  e q u a t i o n s ,  so
aat h a t  the  c o n t r i b u t i o n s  from each o f  the  fou r  s u b - m a t r i c e s  F 
F^^ , F^ *^  , F^^ can be s o lv ed  s e p a r a t e l y .  This  can be most 
c o n v e n i e n t l y  d em ons t ra ted  by u s in g  the  fo l l o w in g  n o t a t i o n s
f “ E ' ' c “ “ C“ E ' ' c “ “ C“ E ' ' e “ “ 0
_f E“ f EE_ C®“ 0
By pe r fo rm ing  m a t r i x  m u l t i p l i c a t i o n s  we o b t a i n
( 2 .1 3 1 )
j,aa ^aa  ^ ^aP = ^aa ( 2 .1 3 2 )
and
( 2 .1 3 3 )
The rem a in ing  two e q u a t io n s  a r e  r edundan t  as can be seen  
from t h e  H e rm i t i a n  p r o p e r t i e s  o f  t h e se  m a t r i c e s .
The boundary  c o n d i t i o n s  f o r  th e  c l o s e d - s h e l l  molecu le  a r e
C“ E ( ° )  = C = 0  . . .  ( 2 .1 3 4 )
ag (o )  ^ p6a(o l  ^ ^ . . .  ( 2 .1 3 5 )F
f “ “ ( ° )  = f EE ( ° )  = F . . .  ( 2 .1 3 6 )
and
= c . . .  ( 2 .1 3 7 )
With t h e s e  p o i n t s ,  th e  fo l l o w in g  e x pans ion  can be made
F^^ = F + F^^ (1)  + .........  . . .  ( 2 .1 3 8 )
^ pOB (1)  ^ ...............   ^  ^  ^ ( 2 .1 3 9 )
. . .  ( 2 .1 4 0 )
+ ............  . . .  ( 2 . 1 4 1 )
^  . .  ( 2 .1 4 2 )
By p u t t i n g  e q u a t io n s  (2 .1 3 8 )  to  (2 .1 4 2 )  i n t o  e q u a t io n s  ( 2 .1 3 2 )
= c + c“ “
cE“ = (1)
e “ = E + e “ (
and ( 2 . 1 3 3 ) ,  and k eep ing  only  the  f i r s t  o r d e r  t e r m s , ,  we g e t
and
. . .  ( 2 .1 4 4 )
These e q u a t io n s  can be so lv e d  f o r  by u s in g  e q u a t i o n  ( 2 .8 8 )
wi th  an a p p r o p r i a t e  F^^^ v a l u e .
1 o . r. r  r ^ a ( l )1. S p e c i f i c a t i o n  of  F
F°^*^(l)may be w r i t t e n  as th e  sum of  a one e l e c t r o n  p a r t
„ a a ( l )  , _ _  ^  ^ ^ a a ( l )H , and a two e l e c t r o n  p a r t  G
Fa“ ( l )  = h““ (1) + g“ “ (1) . . . ( 2 . 1 4 5 )av av av
I f  the  p e r t u r b i n g  n u c l e a r  s p i n  i s  c e n t r e d  on atom N and l i e s  
i n  th e  z d i r e c t i o n ,  th e  m a t r i x  e lements  of  a r e
and
3  (p 6 / 4 n )  <  r . . .  ( 2 . 1 4 7 )
N 7 0 “
By r e t a i n i n g  only one c e n t r e  i n t e g r a l s  a l l  o t h e r  m a t r ix
e lements  of  ^^become z e ro .  The m a t r i x  e lem en ts  o f  G^^Cl)
£ T^aa(l) .i n  terms o f  P a re  e x a c t l y  the  same as th o s e  g iven  i n
e q u a t io n s  (2 .1 0 5 - 2 . 1 0 7 )  f o r  th e  c o n t a c t  term.
For conven ience ,  th e  f i r s t  o r d e r  bond o r d e r  i s  c a l c u ­
l a t e d  u s i n g  the  fo l l o w in g  H am i l ton ian
.  .  2 j,aa (1 )  ^ i  . . .  ( 2 . 1 4 8 )
SO that  a l l  f i r s t  order q u a n t i t i e s  must be s c a le d  by the
-3
f a c t o r  (y^3/4ir)  < r  >  N' ’ F u r th e rm o re ,  i t  i s  known from
A
th e  symmetry o f  the  o p e r a t o r  H^ t h a t
T h e r e f o re  only  the  aa c a l c u l a t i o n  need be per formed .  Using 
th e s e  conven t ions  th e  second o r d e r  energy  c o n t r i b u t i o n  from 
t h e  aa and 33  p a r t s  o f  the d i p o l a r  term i s  g iven  by
pOtotC 1) 
^ N '^ N ' J
<  r  ^ >  N <  N' • ••  ( 2 .1 5 0 )
2. S p e c i f i c a t i o n  of
The a p p r o p r i a t e  m a t r i x  may be  w r i t t e n  as
j g a Cl )  ^ j jBa( l )  ^ g B a ( l )  ( 2 . 1 5 1 )
av av ov
With the  same r e s t r i c t i o n s  as b e f o r e ,  th e  non ze ro  e l em en t s  o f  
a re
= I  (WoB/ 4") < r ' 3 >  N • • •  ( 2 . 1 5 2 )
N N N N
= i  I  (w B /4 , )  < r ' %  j, . . . ( 2 . 1 5 3 )
N N N N
E qua t ions  (2 .1 5 1 )  to  (2 .1 5 3 )  show t h a t  F^°^^^^is a comple te  
m a t r i x ,  so t h a t  the  r e a l  and im ag inary  p a r t s  a re  d i s c u s s e d  
s e p a r a t e l y  below.
i) The real part
The H a m i l to n ian  i s  g iven  by E qua t ion  ( 2 . 1 5 2 ) ,  and u s i n g  the  
INDO a p p rox im a t ion  th e  two e l e c t r o n  m a t r i x  e lem en ts  a r e
g S a ( l )  _ _ <aX I (a  and X on th e  same atom)
aa X XX '
. . .  (2 .1 5 4 )
g g a ( l )  _  a g ( l )
a v  a v
+ < o a | v v >  ) ,  ( a  ^  V b u t  on th e  same atom)
. . .  (2 .1 5 5 )
^ 3 o t ( l )  _  _ p O t 3 ( l )  0 0  I >  ( a  and v  on d i f f e r e n t  atoms)
a v  v a
. . .  ( 2 .1 5 6 )
where
a 6 ( l )  ^ “  a a ( o )  B a ( l )  ^ f  ^aBCl) BP(o) ___ ( 2 . 1 5 7 )
va T vj aj 4 vj aj
a ■ . .
The summation E i n c lu d e s  a l l  ze ro  o r d e r  a  s p in  o r b i t a l s .  For
i
a c l o s e d  s h e l l  molecule  t h e r e  a re  an eq u a l  number,  n ,  o f  e l e c ­
t r o n s  o f  a and 3 s p i n  and t h e r e  i s  only  one s e t  o f  z e r o - o r d e r  
m o ' s ,  s o  t h a t  we may w r i t e
=“ ‘ ° ’ ■ “3 ' ° ’ ■ “ ‘ j ’
F u r th e rm o re ,  from t h e  symmetry of  the  r e a l  p a r t  of
c ! * ( l )  = . . .  (2 .1 5 9 )
J J
and we may w r i t e
p “ B ( l )  = p B a d )  = ?  ( c  
va va 4 vj  a j
+ C [ ° \  . . .  ( 2 .160 )VJ a j  f
and i t  i s  n o t  n e c e s s a r y  to  so lv e  the  ag p a r t n e r  of  e q u a t i o n  
( 2 . 1 4 4 ) .
The H am i l to n ian  f o r  th e  c a l c u l a t i o n  of  i s
j jBa( l)  = j j B a d )  ^ |  . . .  ( 2 .1 6 1 )
SO that the first order bond order is scaled by a factor of
-3  . . • .
(y^3/4ir)  <  r  >  With t h i s  conven t ion  the c o n t r i b u t i o n  from
the  3oi and a3 p a r t s  of  t h e  d i p o l a r  term to  the  second o r d e r  
energy  i s  g iven  by
. . . ( 2 . 1 6 2 )
il) The imaginary part
The im ag ina ry  m a t r i x  e l em en t s  a re  g iven  by
^3ot(l)  _ _ 2] Q&6(1) ^  qX I aX > (aand X on t h e  same atom)
00 X
. . .  (2 .1 6 3 )
ç 6 a ( l )  ^ _ (pOted) | o v >  + < 0 0  | v v >  )
ov ov ' ^  ^vo
(o ^V b u t  on th e  same atom)
. . .  (2 .1 6 4 )
ç 3 a ( l )  _ _ o 3 ( l ^ ^ ^  I vv> , (o  a n d v o n  d i f f e r e n t  atoms)
VO VO ' '
. . .  ( 2 .1 6 5 )
The im aginary  p a r t  o f  the  bond o r d e r ,  i s  g iv e n  by
a s( l )   ^ . a ^aa(o) ^$a(l)_ . B ^aB(l) ^Be(o) ( 2 . 1 6 6 )
VO j  VJ  OJ  j  V J  OJ
The symmetry o f  the  im aginary  p a r t  o f  the  p e r t u r b a t i o n  r e q u i r e s
, , « ( 1 )  .  _ c . B ( l )  . . .  ( 2 .1 6 7 )
J J
Hence,  i n  e q u a t i o n  (2 .1 6 6 )  may be w r i t t e n  as
a 6 ( l ) _  B a d )  % %c(°)
^vo ^va j Vj Gj
+ . . . ( 2 .1 6 8 )  
\)j Gj '
S i m i l a r  t o  t h e  r e a l  p a r t  we can so lv e  the  go p a r t  o f  e q u a t io n  
( 2 . 1 4 3 ) .
The im ag ina ry  f i r s t - o r d e r  bond o r d e r  i s  c a l c u l a t e d  u s in g  the  
fo l l o w in g  H am i l ton ian
H.®a(l) = HS“ d )  = I  . . . ( 2 . 1 6 9 )
V v i  ^
SO t h a t  c o r r e s p o n d in g  f i r s t  o r d e r  q u a n t i t i e s  must be s c a l e d  by
“ 3the  f a c t o r  i  ( p ^ g / 4 r )  < r  >  T h e r e f o re ,  th e  second
o r d e r  energy  c o n t r i b u t i o n  from the  im aginary  ga and ag terms i s  
g iven  by
= - T  ( " o B / 4 . ) 2  Q . e d )  ^  ^
. . .  (2 .1 7 0 )
The t o t a l  second  o r d e r  energy  due t o  the  s p in  d i p o l a r  i n t e r ­
a c t i o n  i s  g iven  by the  sum of  t h r e e  c o n t r i b u t i o n s  in  e q u a t io n s  
( 2 . 1 5 0 ) ,  (2 .1 6 2 )  and ( 2 .1 7 0 ) .
- 1  ‘ ” ï v " ï v - ' v v
• ” v v
Then t h e  c a l c u l a t i o n  o f  t h e  d i p o l a r  i n t e r a c t i o n  c o n s i s t s  of  
s o l v i n g  e q u a t i o n  ( 2 .8 8 )  t h r e e  t i m e s ,  once u s ing  to
o b t a i n  and hence  once wi th  the  r e a l  p a r t  of
_ g a ( l )   ^ . -Otgd) J  r -  n  .F to  g ive  P , and f i n a l l y  w i th  t h e  im aginary  p a r t
o f  pGofl)  t o  give
The whole c a l c u l a t i o n  must  be r e p e a t e d  twice more w i th  the  
p e r t u r b i n g  s p i n  i n  t h e  x and y d i r e c t i o n s .  Then th e  f i n a l  
t o t a l  d i p o l a r  c o n t r i b u t i o n  to  may be o b ta in e d  from th e
average  o f  th e  r e s u l t s  f o r  t h r e e  d i r e c t i o n s  u s in g  e q u a t i o n  ( 2 .8 6 )
This  method,  ' th e  SCPT' , i s  used  i n  the  c a l c u l a t i o n s  of  the  
t h r e e  terms c o n t r i b u t i n g  to  the  co u p l in g  f o r  v a r i o u s  m olecu le s  
r e p o r t e d  i n  t h i s  work.
The atomic  v a l u e s  o f  Morton,  Rowlands and Whiffen used  i n  the  
SCPT program a r e  l i s t e d  below.
TABLE 2 .6  The atomic  v a lu e s  of  o n e - c e n t r e  i n t e g r a l s  ( au  ^ ) .
Atom H B C N 0 F
s ^ ( o ) 0 . 3 1 8 3 1. 408 2 . 767 4 . 770 7 . 638 11 . 966
< r ' > - 0 . 775 1. 692 3 . 101 4 . 9 7 4 7 . 5 4 6
The c a r t e s i a n  c o o r d i n a t e s  f o r  th e  m olecu les  a re  c a l c u l a t e d  on 
ICL 1905F computer  o f  t h e  U n i v e r s i t y  of  Surrey  u s i n g  the
s t a n d a r d  g e o m e t r i e s .  These c o o r d i n a t e s  were then  used to 
pe r fo rm  t h e  c a l c u l a t i o n  of  the  t h r e e  components of  th e  
n u c l e a r  s p i n - s p i n  co u p l in g  c o n s t a n t s  i n  the  INDO/SOS and 
INDO/SCPT f o r  i n v e s t i g a t i o n  of  medium e f f e c t  oh co u p l in g  
c o n s t a n t s  i n  v a r i o u s  m o lecu le s  which f a l l  i n  the  f i r s t  p a r t  
of  t h i s  work,  and th e  INDO/SCPT, INDO/SOS and (INDO/S)/SOS 
a p p r o x im a t i o n s ,  f o r  p r e d i c t i n g  c o u p l in g  c o n s t a n t  i n  some 
i s o l a t e d  N-compounds which f a l l  i n  th e  second p a r t .  A l l  
c a l c u l a t i o n s  were  made on CDC 7600 computers  of t h e  U n iv e r ­
s i t i e s  o f  London and M anches te r .
CHAPTER THREE
S o lven t  E f f e c t s  on 
N uc lea r  S p in -S p in  Couplings
3.1 INTRODUCTION
I t  i s  known t h a t  n u c l e a r  s p i n - s p i n  co u p l in g s  a r e  s o l v e n t  depen­
d e n t ;  th e  t h e o r e t i c a l  and e x p e r im e n ta l  a s p e c t s  of  t h e  i n f l u e n c e  
of  s o l v e n t s  on s p i n - s p i n  c o u p l in g s  have  been  rev iewed  .
I n  g e n e r a l  t h e r e  a r e  two c a t e g o r i e s  o f  s o l v e n t  dependence of  
co u p l in g  c o n s t a n t s ,  t h e  f i r s t  c a t e g o ry  i s  c h a r a c t e r i s t i c  f o r  
r i g i d  m o lecu le s  i n  which t h e  r e l a t i v e  s p a t i a l  l o c a t i o n s  o f  th e  
coup led  n u c l e i  a r e  c o n s t r a i n e d  by i t s  s t r u c t u r a l  f e a t u r e s .  In  
th e s e  c a s e s  medium e f f e c t s  on co u p l in g s  a r i s e  from e l e c t r o n i c  
changes o f  the  s o l u t e  m o lecu le  owing to  d i f f e r e n t  s o l u t e - s o l v e n t  
i n t e r a c t i o n s .  The second c a t e g o r y  compr ises  non r i g i d  m o lecu le s  
which can assume two o r  more con fo rm a t ions  by i n t e r n a l  r o t a t i o n ,  
o r  r i n g  i n t e r c o n v e r s i o n s .  I n  t h e s e  cases  medium e f f e c t s  a r e  due 
to  s o l v e n t  induced  changes i n  th e  r e l a t i v e  p o p u l a t i o n s  o f  t h e  
ro tam ers  o r  con fo rm ers ,  t h a t  i s  i n  a d d i t i o n  to  th e  f i r s t  type  
of  s o l v e n t  e f f e c t .
For th e  f i r s t  type  of  s o l v e n t  e f f e c t ,  i t  seems t h a t  some s o r t  
of  e l e c t r o s t a t i c  i n t e r a c t i o n  (51 ,54)  be tween the  s o l v e n t  and 
s o l u t e  m o lecu le s  i s  r e s p o n s i b l e ,  th e  p o s s i b i l i t y  o f  o ccu re n ce
of  o t h e r  i n t e r m o l e c u l a r  i n t e r a c t i o n s  such as s p e c i f i c  a s s o c i a t -
 ^ (55 ,56)  , .  ^ . J . . .  (57-59)io n  e f f e c t s  a l s o  e x i s t s ,  e s p e c i a l l y  hydrogen  bond ing
Vander Waals ( d i s p e r s i o n )  e f f e c t s  p o s s i b l y  c o n t r i b u t e
to  th e  in duced  change of  co u p l in g s  b u t  m a in ly  i n  t h o s e  ca s e s
i n  which none o f  th e  coupled  n u c l e i  a r e  p r o t o n s .  The d i s p e r s i o n
fo r c e s  a r i s e  from i n s t a n t a n e o u s  d i s t r i b u t i o n s  w i t h i n  t h e  e l e c -
t r o n i c  s t r u c t u r e  of  th e  s o l v e n t  g iv i n g  r i s e  to  momentary 
d i p o l e s  t h a t  can p o l a r i z e  th e  s o l v e n t ,  th e  s t r e n g t h  of  t h i s  
i n t e r a c t i o n  depends on th e  p o l a r i z i b i l i t i e s  of th e  s o l v e n t  
and s o l u t e  m o lecu le s  which a r e  r e l a t e d  to  t h e i r  s t r u c t u r e s .
Raynes (^5 ,66 )  fo u r  d i s t i n c t  c o n t r i b u t i o n s  t o  th e  s o l v e n t
change ,  AJ, i n  th e  co u p l in g  c o n s t a n t  i n  go ing  from th e  gas a t  
low p r e s s u r e  t o  th e  condensed phase
AJ  = J  + J ,  + . . . ( 3 . 1 )
m W E C
The f i r s t  te rm  (J^)  c o r re sponds  to  th e  magne tic  s h i e l d i n g  of
n u c l e a r  s p i n - s p i n  co u p l in g  by the  m agne t ic  moments induced  i n
n e i g h b o u r in g  m o lecu le s  by n u c l e a r  d i p o l e s ,  the  o t h e r  terms a r e ,
d i s p e r s i o n  (J ^ J , e l e c t r o s t a t i c  ( J„ )  and a s s o c i a t i o n  ( J „ )  terms w Ü L
r e s p e c t i v e l y .
In  o r d e r  to u n d e r s t a n d  the  q u a l i t a t i v e  a s p e c t s  o f  th e  s o l u t e -  
s o l v e n t  i n t e r a c t i o n  problem, s p e c i f i c  s o l v e n t s  must  be used  f o r  
the  ex p e r im en t s  to  o p t im iz e  th e  c o n d i t i o n  of  a c e r t a i n  c o n t r i b ­
u t i o n  to  th e  co u p l in g  change .  I t  i s  n o t  easy  to  e s t i m a t e  th e  
r e l a t i v e  im p o r tan ce  of  t h e s e  c o n t r i b u t i o n s .  T h e o r e t i c a l l y ,  i t  
seems t h a t  th e  s e p a r a t i o n  o f  th e  v a r io u s  c o n t r i b u t i o n s  i s  n o t  
mean ingfu l  s i n c e  p r e c i s e  d e f i n i t i o n s  a r e  n o t  a v a i l a b l e  f o r  most 
of  t h e s e  i n t e r a c t i o n s .
A s a t i s f a c t o r y  t h e o r e t i c a l  model f o r  q u a n t i t a t i v e l y  i n t e r p r e t ­
ing  s o l v e n t  e f f e c t s  should  in c l u d e  a r e a l i s t i c  d e s c r i p t i o n  of  
t h e  cha rge  d i s t r i b u t i o n  o f  th e  s o l u t e  m o lecu le .  The s i m p l e s t  
approach  i s  t o  c o n s id e r  th e  s o l v e n t  as a cont inuum s u r ro u n d in g  
th e  s o l u t e ,  m o l e c u l e . S e v e ra l  models  of  t h i s  type  have been  
p roposed  to  e x p l a i n  s o l v e n t  e f f e c t s  on NMR p a ra m e te r s .
In  th e  absence  o f  s p e c i f i c  a s s o c i a t i o n  e f f e c t s ,  t h e  s o l v e n t  de­
pendence i n  most  c ases  i s  r e l a t e d  to  th e  p o l a r i t y  o f  th e  medium.
J o h n s t o n  and B a r f i e l d  have  s t u d i e d  the  e f f e c t  o f  s o l v e n t s
on n u c l e a r  s p i n - s p i n  co u p l in g s  i n  terms o f  Onsagers r e a c t i o n  
f i e l d  model ^^^^h g ive s  a d e s c r i p t i o n  o f  p o l a r  s o l u t e s
d i s s o l v e d  i n  p o l a r  s o l v e n t s .  I n  t h i s  model the  s o l u t e  i s  
assumed t o  be  a p o l a r i z a b l e  p o i n t  d i p o l e ,  which i s  c e n t r e d  i n  a 
s p h e r i c a l  c a v i t y  w i t h i n  th e  d i e l e c t r i c  cont inuum formed by th e  
s o l v e n t  m o le c u le s .  S e l f - c o n s i s t e n t  p e r t u r b a t i o n  th e o r y  i n  
the  s e m i - e m p i r i c a l  INDO app ro x im a t io n  of  SCPT has  been  u s e d .  A 
p o s s i b l e  mechanism f o r  th e  r e a c t i o n  f i e l d  induced  changes  i n  
co u p l in g s  has  been d i s c u s s e d  i n  terms of  th e  SOS method.  
Although t h i s  method d id  n o t  g ive  s a t i s f a c t o r y  v a l u e s  f o r  
c o u p l i n g s ,  s i n c e  th e  s o l v e n t  e f f e c t s  a r e  g iven  by the  d i f f e r e n c e  
be tween th e  c a l c u l a t e d  v a l u e  i n  the  s o l v e n t  of  i n t e r e s t  and i t s  
v a l u e  i n  t h e  r e f e r e n c e  s o l v e n t ,  the  c a l c u l a t e d  v a l u e s  of  s o l v e n t  
induced  changes i n  c o u p l in g  c o n s t a n t s  a r e  expec ted  to  be b e t t e r  
than  t h e  c o u p l in g s  th e m s e lv e s ,  t h e i r  r e p o r t e d  r e s u l t s  i n d i c a t e  
t h a t .
The d i s a g re e m e n t  be tween the  t h e o r e t i c a l  and e x p e r i m e n t a l  
r e s u l t s  can be  s imply a t t r i b u t e d  to  d e f i c i e n c i e s  of  th e  r e a c t ­
io n  f i e l d  model a r i s i n g  from th e  a ssumpt ion  of  p o l a r i z a t i o n  
on ly  a long  .z d i r e c t i o n  and from th e  c o n s i d e r a t i o n  o f  th e  
l i n e a r i t y  of  t h e  r e a c t i o n  f i e l d  over  th e  d im ens ions  o f  th e  
s o l u t e  m o lecu le  which  i s  n o t  always a p p l i c a b l e  e s p e c i a l l y  i n  
t h o s e  c a se s  i n  which th e  coupled  n u c l e i  a r e  i n  two w id e l y  
s e p a r a t e d  p a r t s  of  th e  s o l u t e  m o lecu le ,  and a l s o  from n e g l e c t  
of  t h e  l o c a l  e f f e c t  be tween  th e  s o l v e n t  and s o l u t e  m o le c u le s  
due to  t h e  absence  of  a c l e a r  scheme f o r  s o l v e n t  d i s t r i b u t i o n  
around t h e  s o l u t e .
In  th e  second pape r  J o h n s to n  and B a r f i e l d  a p p l i e d  the
cu b ic  c l o s e s t - p a c k e d  c l u s t e r  model .  This  model assumes s i x  
s o l v e n t  m o lecu le s  a r e  a r r a n g e d  i n  a g iven  d i s t r i b u t i o n  around 
th e  s o l u t e  m o le c u le .  Th is  model t a k es  i n t o  acc oun t  t h e  non 
l i n e a r i t y  o f  t h e  f i e l d  e x p e r i e n c e d  by t h e  coupled  n u c l e i  and 
i t  assumes t h a t  a lm os t  i n  a l l  c a se s  th e  n u c l e i  which a r e  s t u d i e d  
by t h e  NMR te c h n iq u e  a r e  n e a r  t h e  ’ s u r f a c e ’ of t h e  m o lecu le  and 
a r e  more exposed to  t h e  i n d i v i d u a l  s o l v e n t  m o l e c u le s ,  so t h a t  
l o c a l  e f f e c t s  due to  p o l a r i z a t i o n  by a d j a c e n t  s o l v e n t  m o lecu le s  
w i l l  be of  major  im p o r tan ce ,  th us  th e  e x p e r im e n ta l  v a l u e s  a r e  
q u i t e  s e n s i t i v e  to  the  r e l a t i v e  p o s i t i o n s  and o r i e n t a t i o n s  of  
th e  s o l v e n t  and s o l u t e  m o l e c u le s ,  t h e r e f o r e  such a model i s  
expec ted  t o  be  more s a t i s f a c t o r y  th a n  th e  s imple  r e a c t i o n  
f i e l d  model .  Th is  model c o n s i d e r s  th e  s o l v e n t  and s o l u t e
m olecu le s  as two d i s t i n c t  groups and assumes a s t r o n g  o r t h o ­
g o n a l i t y  be tween them. The i n t e r a c t i o n s  in t r o d u c e d  a r e  due 
t o  a t t r a c t i o n s  between th e  s o l u t e  e l e c t r o n s  and s o l v e n t  n u c l e i  
and i n t e r - g r o u p  e l e c t r o n - e l e c t r o n  r e p u l s i o n ,  th e  i n t e g r a l s  
c o r r e s p o n d in g  to  t h e s e  i n t e r a c t i o n s  can be  added to  th e  Hamil­
t o n i a n  ac c o u n t in g  f o r  s p i n - s p i n  i n t e r a c t i o n s ,  s o l v e n t - s o l v e n t  
i n t e r a c t i o n s  a r e  n e g l e c t e d .  The c a l c u l a t i o n s  a r e  c a r r i e d  ou t  
by t h e  INDO a p p ro x im a t io n  o f  SCF m o le c u la r  o r b i t a l  t h e o r y .
The c l u s t e r  model p r o v id e s  some improvement over th e  r e a c t i o n  
f i e l d  model .  Th is  may be a t t r i b u t e d  to  t h e  accoun t  t a k e n  of  
p o l a r i z a t i o n  a long  th e  o t h e r  two axes (x and y ) , i n  a d d i t i o n  to  
th e  z a x i s ,  whereas t h e  r e a c t i o n  f i e l d  model assumes t h a t  the  
p o l a r i z a t i o n  o ccu r s  on ly  a long  th e  d i p o l e  moment i n  th e  z 
d i r e c t i o n .
However, t h e  c l u s t e r  model c a l c u l a t i o n s  produce  r e s u l t s  which  
v a r y  more w id e ly  tha n  e i t h e r  th e  r e a c t i o n  f i e l d  o r  e x p e r i m e n t a l  
d a t a .  Th is  may be b eca use  th e  model i s  too  s p e c i f i c  and th e  
assumed c l u s t e r  f i g u r e  does n o t  r e f l e c t  th e  a c t u a l  s o l v e n t  
d i s t r i b u t i o n  around th e  s o l u t e  m o lecu le ,  e s p e c i a l l y  when the  
s o l v e n t  m olecu le  a r e  sm a l l  r e l a t i v e  to  the  s o l u t e  m o le c u le .
I t  i s  concluded  t h a t  i t  i s  n e c e s s a r y  to  i n c l u d e  c o r r e c t i o n s  f o r  
r o t a t i o n a l  a v e ra g in g  of th e  s o l v e n t  m o le c u le s .
The e f f e c t s  o f  th e  mot ion  o f  s o l v e n t  molecu les  a r e  s t u d i e d  i n
t h e  t h i r d  p ap e r  . S o lv en t  m olecu le s  a re  t r e a t e d  as
p o i n t  d i p o l e s  a r r a n g e d  around th e  s o l u t e  m olecu le  i n  a cub ic  
c l o s e s t  packed a r rangem en t .  Average d i p o l e  moment v e c t o r s  a r e  
g iven  by a r o t a t i o n a l  Boltzmann av e rage  and the  r e s u l t i n g  
p e r t u r b a t i o n  i s  i n c lu d e d  i n  th e  Fock m a t r i c e s .  C a l c u l a t i o n s  
a r e  c a r r i e d  o u t  by t h e  INDO ap p ro x im a t io n  of  SCF-MO th e o r y .
The c a l c u l a t e d  r e s u l t s  f o r  co u p l in g s  in v o l v in g  p r o to n s  a r e  i n  
g e n e r a l ,  i n  c l o s e r  agreement w i th  th e  e x p e r im e n ta l  r e s u l t s  when 
the  c l u s t e r  and r o t a t i n g  d i p o l e  models  a r e  employed.  Improve­
ment i s  o b t a i n e d  f o r  t h e  c a l c u l a t e d  r e s u l t s  of s o l v e n t  in duced  
changes i n  co u p l in g s  o f  1, 1 - d i f l u o r e o t h y l e n e  i n  s o l v e n t s  of  
n e a r l y  i d e n t i c a l  d i e l e c t r i c  c o n s t a n t s .  The c a l c u l a t i o n s  a r e  
l e a s t  s a t i s f a c t o r y  f o r  f l u o r i n - c a r b o n  c o u p l i n g s ,  t h i s  may be 
due to  t h e  e x c l u s i o n  of  th e  o r b i t a l  term which c o n t r i b u t e s  
e f f e c t i v e l y  i n  such co u p l in g s  and a l s o  to  t h e  s p e c i f i c
s o l u t e - s o l v e n t  i n t e r a c t i o n s  which p ro b ab ly  occur  i n  f l u o r i n e
.  • • 1 1  (48)c o n t a i n i n g  m o lecu le s
Another  p a p e r  r e l a t e d  to  s o l v e n t  e f f e c t s  appeared  i n  1975 
In  t h i s  pape r  R ad e g l i a  s t u d i e d  th e  v i c i n a l  co u p l in g  c o n s t a n t s
i n  m e ro c y a n in e s , (CH3)2 N- (CH=CH)^ -  CHO, i n  p o l a r  s o l v e n t s .
+ —
The m olecu le  assumes a formal s t r u c t u r e  (CH3)„ N = (CH-CH=) CH-0,z m
and t h e  p o l a r  s o l v e n t  changes i n  the  ti e l e c t r o n  bond o r d e r s  by 
in d u c in g  cha rges  on oxygen and n i t r o g e n  atoms.  The induced  
cha rges  cause  changes i n  th e  Fock m a t r i x  e lements  f o r  the  
o r b i t a l s  c e n t r e d  on t h e s e  atoms.  The d i f f e r e n t i a l  changes  i n
t h e  7T bond o r d e r  a r i s i n g  from such p e r t u r b a t i o n s  a r e  known as 
atom-bond p o l a r i z c \ b i l i t i e s  and may be  c a l c u l a t e d  from m o le c u la r  
o r b i t a l  c o e f f i c i e n t s  and o r b i t a l  e n e r g i e s .  R a d e g l i a  used  th e  
(CNDO/2) e i g e n v e c t o r s  and found a l i n e a r  r e l a t i o n  between the  
atom-bond p o l a r i z a b i l i t i e s  and th e  d i f f e r e n c e s  i n  v i c i n a l  
c o u p l in g s  i n  merocyanines  measured i n  p o l a r  and n o n - p o l a r  
s o l v e n t s .
An a l t e r n a t i v e  model has  been  r e c e n t l y  employed by Ando and co­
worker i n  an a t t e m p t  to  u n d e r s t a n d  the  e f f e c t s  of
s o l v e n t s  on co u p l in g s  be tween n u c l e i  i n c l u d i n g  a t  l e a s t  one 
p r o t o n ;  t h i s  model i s  c a l l e d  ’The s o l v a t o n  m ode l ’ . This  was 
i n t r o d u c e d  by Klopman and l a t e r  on implemented by Germer
w i t h i n  t h e  framework of  a s e m i - e m p i r i c a l  SCF approach .  This  
model i s  c h a r a c t e r i z e d  by s i m p l i c i t y  and c o n s i d e r s  th e  s o l v e n t  
as a d i e l e c t r i c  cont inuum.  Accord ing  to  t h e  s o l v a t o n  model t h e  
i n t e r a c t i o n  between s o l u t e  and s o l v e n t  m olecu le s  i s  c o n s id e r e d  
by means of  an im aginary  p a r t i c l e  r e p r e s e n t i n g  t h e  o r i e n t e d  
s o l v e n t  d i s t r i b u t i o n  around  each atom i n  th e  m o le c u le ,  t h e  
i n t e r a c t i o n  between e l e c t r o n s  of  the  s o l u t e  and s o l v e n t  mole­
c u l e s  i s  added to  t h e  i n h e r e n t  H am i l to n ian  of  th e  SCF-MO c a l ­
c u l a t i o n .  The t h e o r e t i c a l  d e t a i l s  a r e  p r e s e n t e d  i n  th e  n e x t  
s e c t i o n .
(72)Ando and co -worker  have  e s t i m a t e d  by t h i s  p ro c e d u re  th e
13 1e f f e c t s  of  s o l v e n t s  on th e  d i r e c t l y - b o n d e d  ( C -  H) co u p l in g s
a c r y l o n i t r i l e ,  d i c h lo ro m e th a n e ,  ch lo ro fo rm ,  d i f l u o ro m e th a n e  
and t r i f l u o r o m e t h a n e  i n  t h e  INDO app rox im at ion  f o r  a c r y l o n ­
i t r i l e ,  d i f l u o r o m e th a n e  and t r i f l u o r o m e t h a n e ,  and i n  CNDO/2 
a p p ro x im a t io n  f o r  d ich lo ro m e th an e  and c h lo ro fo rm .  A l l  th e  
c a l c u l a t e d  v a l u e s  of  ^J(C-H) a r e  l a r g e r  than  the  obse rved  
d a t a ,  b u t  t h e r e  i s  i n  g e n e r a l  the  tendency  f o r  t h e  c a l c u l a t e d  
v a l u e s  o f  ^J(C-H) to  i n c r e a s e  w i th  an i n c r e a s e  i n  t h e  d i e l e c ­
t r i c  c o n s t a n t  o f  th e  medium, e ,  which  ag re e s  q u a l i t a t i v e l y  w i th
th e  obse rved  tendency .  The c i t e d  e x p e r im e n ta l  s p i n  co u p l in g  
1change a  J(C-H) i n  t h e  CH^ group f o r  A c r y l o n i t r i l e  seems to  
be  ro u g h ly  inde penden t  of  th e  s o l v e n t ,  t h i s  may n o t  be v a l i d  
due to  th e  e x p e r im e n ta l  e r r o r  i n  t h i s  c a s e ,  whereas  th e  e x p e r i ­
m en ta l  v a l u e s  o f  A^J.(C-H) in.  the  s i d e  of  the  cyan ide  group 
o f  t h i s  m o lecu le  e x h i b i t s  an i n c r e a s e  w i th  i n c r e a s i n g  e . Some
of  t h e s e  e x p e r im e n ta l  d a t a  a r e  shown i n  Tab le (3 .1 )  which a r e
(72)s e l e c t e d  from t h e i r  work . However i n  g e n e r a l ,  th e  t h e o ­
r e t i c a l  r e s u l t s  f o r  ^J(C-H) i n  a c r y l o n i t r i l e ,  d i f l u o r o m e th a n e  
and t r i f l u o r o m e t h a n e  a r e  l a r g e r  th a n  th e  observed  ones .
TABLE 3.1 The observed  d i e l e c t r i c - c o n s t a n t  dependence o f  J(C-H) 
f o r  a c r y l o n i t r i l e " ^  in  v a r i o u s  so lven ts  t a k e n  from 
r e f e r e n c e  (72 ) .
d i e l e c t r i c ^ ' j ( C , -  Hg) + 
^ J ( C | -
' j (C-H)^
j
S o lv e n t c o n s t a n t s A 3 ( 0 , -  H^) A J(C-H)*
CCI,4 2.238 332.0 0 .0 178.3 0 .0
CHClg 4.806 333.0 + 1.0 179.0 + 0 .7
T e t r a h y d r o -  
fu r a n  ; 7.85 331.0
- 1.0 179.7 + 1.4
3-Pen tanone 17.0 331.4 - 0 .6 179.2 + 0 .9
Acry lon­
i t r i l e 33 .0 332.6 + 0.6 179.7 + 1.6
DMSG 46.68 331 .6 - 0 .4 180.9 + 2.6
N-methyl  
ace tam ide 191 .3 331 .0 - 1.0 179.9 + 1.6
t  H b H a
/  \
H e  C N
+ These v a l u e s  o f  the  d i e l e c t r i c  c o n s t a n t  a re  t a k e n  from 
r e f e r e n c e  (80 ) .
§ ^J(C -  H ) and ^J(C -  H ) a r e  e s t i m a t e d  as a sum of t h e i r  I d 1 Ü
v a lu e s  because  they can not  be ob ta in ed  s e p a r a t e l y .
# The d i f f e r e n c e  between the  measured c oup l ing  i n  the  s o l v e n t  
i n d i c a t e d  and in  CCI, .
The v a l u e s  o f  ^J(C-H) a r e  f i t t e d  a p p ro x im a te ly  by th e  e q u a t io n ;
’ j(C-H) = a ( -S^)  + b ( - ^ ) ^  + c . . .  ( 3 ,2 )
The observed  d a t a  f a l l  ap p ro x im a te ly  on a s t r a i g h t  l i n e  when 
£ - 1p l o t t e d  a g a i n s t  (—^ )  , c o n s e q u e n t ly  th e  second te rm i n  e q u a t io n
(3 .2 )  can be  n e g l e c t e d .  From th e  p l o t t i n g  ^J(C-H) a g a i n s t  
0— ]
( -^—) , the  v a l u e s  of  a , c  can be  o b t a in e d .  The magnitude  o f  a 
p ro v id e s  a measure of  th e  s o l v e n t  e f f e c t  on ^J(C-H).  The v a l u e s
o f  a a r e  found to  be  l a r g e r  f o r  c h l o r i n e - s u b s t i t u t e d  th a n  f o r  
f l u o r i n e - s u b s t i t u t e d  m o l e c u le s ,  and th o s e  f o r  t r i s u b s t i t u t e d  
methanes  a r e  l a r g e r  th a n  f o r  d i s u b s t i t u t e d  m e thanes ,  th u s  an 
i n c r e a s e  i n  th e  number of  h a l 'o g e 'n - s u b s t i tu te d  atoms i n  methane 
l e a d s  to  an i n c r e a s e  i n  th e  s o l v e n t  e f f e c t .
Three o t h e r  p ap e r s  have r e c e n t l y  been  p u b l i s h e d  . I n
the  f i r s t  p ap e r  Watnabe and Ando i n v e s t i g a t e d  th e  s o l v e n t
e f f e c t s  on (CH) s p i n - s p i n  c o u p l in g s  f o r  n o n - r i g i d  m o l e c u le s .  
The induced  s h i f t  AJ of  such m olecu le s  may have a s i g n i f i c a n t  
c o n t r i b u t i o n  a r i s i n g  from the  change i n  r e l a t i v e  p o p u l a t i o n s  
of  conformers  due to  s o l v e n t .  The a u t h o r s  chose  two c h l o r i n e -  
s u b s t i t u t e d  e t h a n e s ,  CHCl^ CHCl^ and CHCl^ CH^Cl. They 
measured ^J C-H of  t h e s e  two m olecu les  i n  v a r i o u s  s o lv e n t s  w i t h  
a wide range  of  d i e l e c t r i c  c o n s t a n t s  a n d /o r  as  a f u n c t i o n  of  
t e m p e r a t u r e .  These two e f f e c t s  a r e  e s t i m a t e d  by th e  FPT 
method based  on t h e  CNDO/2 a pp rox im a t ion  u s i n g  th e  s o l v a t o n
model.  The c a l c u l a t e d  and observed  r e s u l t s  of  th e  v a l u e  
of  ^J(C-H) i n d i c a t e  an i n c e a s e  as  c i n c r e a s e s  and th e  r e s u l t s  
show, t h e  d i e l e c t r i c  c o n s t a n t  dependence i s  ve ry  l a r g e  
compared w i t h  t h e  t e m p e ra t u re  dependence.  This  g r e a t e r  change 
i s  e v id en ce  of  t h e  l a r g e r  c o n t r i b u t i o n  of s o l v e n t  induced  
e l e c t r o n i c  changes i n  t h e  s o l u t e  molecu le  than  o f  th e  c o n t r i ­
b u t i o n  a r i s i n g  from a change i n  t h e  r e l a t i v e  p o p u l a t i o n s  of  the  
confo rm ers .  I t  i s  concluded  t h a t  t h e r e  i s  r e a s o n a b l e  ag reement 
between t h e  observed  and c a l c u l a t e d  r e s u l t s .  Th is  s u g g e s t s  a 
p o t e n t i a l  a p p l i c a t i o n  o f  t h e  s o l v a t o n  t h e o ry  i n  t h e  i n t e r p r e t ­
a t i o n  of  s o l v e n t  e f f e c t s  i n  d i p o l a r  media.
In  a f u r t h e r  i n v e s t i g a t i o n  the  FPT-INDO and FPT-CNDO/2
app ro x im a t io n s  a r e  used  t o g e t h e r  w i th  the  s o l v a t o n  model  i n  
t h e  c a l c u l a t i o n  of  t h e  d i e l e c t r i c  s o l v e n t  e f f e c t  on H-C-C-H, 
H-C-N-H c o u p l in g s  i n  e t h a n e ,  t e t r a c h l o r o e t h a n e  and t r a n s  
N-methyl formamide . The d i h e d r a l  a n g l e ,  cj), dependence of  
v i c i n a l  s p i n - s p i n  co u p l in g  i n  an i s o l a t e d  m olecu le  i s  c o n s id e r e d  
i n  a s i m i l a r  manner to  t h a t  g iven  by the  Karp lus  r e l a t i o n ­
s h ip :
J(HH) . = A + B cos è + C cos 26 . . .  ( 3 .3 )
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where A, B, C a r e  c o e f f i c i e n t s  to  be de te rm ined  f o r  t h e  s e r i e s  
of m o lecu le s  c o n s id e r e d .  A l l  of  th e  v i c i n a l  c o u p l i n g s  a r e  
p r e d i c t e d  t o  i n c r e a s e  w i th  an i n c r e a s e  i n  v a l u e  of  t h e  d i ­
e l e c t r i c  c o n s t a n t ,  e ,  i n  b o th  the  CNDO/2 and INDO c a l c u l a t ­
i o n s .  The c a l c u l a t e d  s o l v e n t  dependence may be p r e s e n t e d  by:
J  = b(-^Y^) + c . . .  ( 3 .4 )
where b i s  a  measure of  t h e  s t r e n g t h  of  th e  d i e l e c t r i c  s o l v e n t
e f f e c t  on v i c i n a l  co u p l in g  c o n s t a n t s ,  and c r e p r e s e n t s  th e
v i e  v i eJ  v a l u e s  and J  , v a l u e s  f o r  an i s o l a t e d  m o lecu le ,t r a n s  gauche
(75)I n  a n o t h e r  r e p o r t  , s o l v e n t  e f f e c t s  on th e  C-H n u c l e a r  
s p i n  c o u p l in g s  ^JCH of  ha lomethanes  and h a l o e t h y l e n e s , a r e  
s t u d i e d  u s in g  th e  FPT method based  on th e  CNDO/2 ap p ro x im a t io n .  
I t  i s  conc luded  t h a t  th e  r e s p e c t i v e  ^JCH v a l u e s  i n c r e a s e  i n  
the  o rd e r  of  mono-, d i -  and t r i h a l o g e n - s u b s t i t u t e d  compounds, 
and a l s o  t h a t ,  when th e  number of  s u b s t i t u t e d  h a lo g e n  atoms i s  
equa l  i n  th e  m o lecu le s  co n s id e re d ^  t h e  f l u o r i n e  d e r i v a t i v e s  
e x h i b i t  a l a r g e r  ^JCH v a l u e  than  th e  c h l o r i n e  d e r i v a t i v e s ,  t h i s  
i s  a t t r i b u t e d  to  t h e  g r e a t e r  e l e c t r o n e g a t i v i t y  of  th e  f l u o r i n e  
atom. In  g e n e r a l  t h e  r e s u l t s  of  the  c a l c u l a t i o n s  e x p l a i n  th e  
tendency of  t h e  observed  s o l v e n t  e f f e c t .
In  t h i s  c h a p t e r  th e  s o lv a t o n  model i s  employed i n  o r d e r  to  
s tudy  q u a n t i t a t i v e l y  t h e  medium e f f e c t s  on s p i n - s p i n  c o u p l in g s  
i n  some s im p le  m o le c u le s .  S em i -e m p i r i c a l  (INDO) p a r a m e te r s  
a r e  used i n  c o n j u n c t i o n  w i th  the  (SOS) and (SCPT) methods .  The 
c a l c u l a t i o n s  i n c l u d e  a l l  c o n t r i b u t i o n s  to the  c o u p l i n g .
3 .2  THE SOLVATON THEORY
This  t h e o ry  assumes t h a t :
i )  Upon a d d i t i o n  of  a s o l u t e  a t  an i n f i n i t e  d i l u t i o n  to  an 
a p r o t i c  s o l v e n t  of  d i e l e c t r i c  c o n s t a n t  e ,  a number of  
cha rge s  ( s o l v a t o n s )  a r e  induced  i n  the  s o l v e n t .
i i )  A s s o c i a t e d  w i th  each a tomic  c e n t r e  of  the  s o l u t e  m o lecu le  
i s  a ’ s o l v a t o n ’ whose charge  i s  equa l  i n  magnitude  b u t  
o p p o s i t e  i n  s ig n  to  t h a t  of  t h e  atom to  which i t  i s  a t t a c h e d
i i i )  There a r e  no i n t e r a c t i o n s  between the  s o l v a t o n s  them se lves  
and th e y  can have any f r a c t i o n a l  o r  i n t e g r a l  cha rge  
r e q u i r e d .
iv )  The s t r e n g t h  o f  th e  i n t e r a c t i o n  between the  s o l v a t o n s  and
s o l u t e  m o lecu le s  depends on th e  p o l a r  n a t u r e  of  th e  s o l v e n t
and i s  a f u n c t i o n  of  a s i n g l e  p a r a m e te r ,  the  d i e l e c t r i c
c o n s t a n t  of  t h e  s o l v e n t  (E) ,  i t  i s  approxim ated  by th e  Born 
(79)e q u a t i o n  which r e p r e s e n t  the  f r e e  energy  of  a s o l v a t e d
io n  i n  a d i e l e c t r i c  continuum.-
On th e  b a s i s  of  t h i s  model th e  s o l v e n t  i n t e r a c t i o n  terms a r e  
i n c o r p o r a t e d  i n t o  t h e  H am i l ton ian  of  the  H a t ree -F ock  method 
and t h i s  m od i f ied  H am i l ton ian  can be used i n  the  SCF-MO
fo rm a l i sm  to  de te rm ine  a wave f u n c t i o n  which r e f l e c t s  th e
A
s o l u t e - s o l v e n t  i n t e r a c t i o n .  The H a m i l to n ian ,  H, o f  a  
m o lecu le  w i t h  (M) e l e c t r o n s  and (N) n u c l e i  c o n s i s t s  o f  two
A.
p a r t s ,  namely,  th e  i n h e r e n t  term H. , and th e  s o l v e n tinn
i n t e r a c t i o n  te rm and a r e  g iven  as ( i n  a tomic  u n i t s )
inh
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where Q i s  t h e  induced  s o l v e n t  ( s o lv a t o n )  ch a rg e ,  which  has
to  be ta ken  as b e i n g  of  the  o p p o s i t e  s ig n  to  the  g r o s s  charge
of  t h e  a tom ic  c e n t r e ,  i n  the  m o le c u la r  env i ronm ent ,  to which 
i t  i s  a t t a c h e d .  r  . i s  t h e  e l e c t r o n  s o l v a t o n  d i s t a n c e ,SI
£ “  1 .r  , i s  t h e  n u c l e u s - s o l v a t o n  d i s t a n c e ,  and - —  i s  the  f u n c t i o n  sk 2e
of  t h e  s o l v e n t  d i e l e c t r i c  c o n s t a n t  which de te rm ine s  the  degree  
of  t h e  s o l u t e - s o l v e n t  i n t e r a c t i o n ,  th e  term
U - l )  M N Q
'  Î. Z —  . . .  ( 3 .8 )2e . , , r  .
1 = 1  S = 1  S I
i s  t h e  i n t e r a c t i o n  energy  o f  th e  e l e c t o n s  and th e  induced  
s o l v e n t  ch a rg e s  w h i l e :
( E - ' )  I  I  . . . . ( 3 . 9 )
k = l  s = l  ^ s k
r e p r e s e n t s  th e  i n t e r a c t i o n  energy  be tween the  induced  s o l v e n t  
cha rge s  and th e  n u c l e a r  co re  c h a r g e s . The o t h e r  terms of  
e q u a t i o n  (3 .7 )  c o n s t i t u t e  t h e  normal m o le c u la r  H a m i l to n i a n .
A d d i t i o n a l  assumptions  a r e  made i n  o r d e r  to  e v a l u a t e  r  . :
S I
i )  I f  th e  AO’ s and s o l v a t o n  a r e  a s s o c i a t e d  w i th  the  same
atomic  c e n t r e  as th e  s o l v a t o n - e l e c t r o n ,  the  d i s t a n c e  r  .SI
i s  th e  van d e r  waals  r a d i u s  r ^  of  the  p a r t i c u l a r  atom ty pe
i i )  I f  th e  AO’s and ’s o l v a t o n ’ a r e  a s s o c i a t e d  w i th  d i f f e r e n t
atomic  c e n t r e s ,  t h e  ’ s o l v a t o n '  i s  assumed to  be c e n t r e d  
on th e  atom a s s o c i a t e d  w i th  s and r^^  i s  approx im ated
J  (r^ + A  ,as V r^ )  where r ^  i s  th e  d i s t a n c e  be tween th e  two 
c e n t r e s .
A
T h e r e f o re  i n  a d d i t i o n  to  th e  e l e c t r o n i c  i n t e r a c t i o n  p a r t  G of 
th e  Fock o p e r a t o r  m a t r i x ,  F , a second p a r t ,  D, must  be 
e v a l u a t e d  u s i n g  p r e v i o u s l y  o b t a in e d  s o l u t i o n s  f o r  th e  MO’s .  
The H a t re e -F o c k  o p e r a t o r  can the  be g iven  a s :
F = H + G + D . . .  (3 .10)
C onsequen t ly ,  D i s  t r e a t e d  in * a  manner ana logous  to  G and t h e  
quantum m echan ica l  problem i s  so lved  by i t e r a t i o n  as  u s u a l ,
A
t h i s  new p a r t  of  D can be w r i t t e n  as :
D . .  = I - ! -  / 4. I  (— ) 4> dT, . . .  ( 3 .1 1 )
^3 i s  J V 1
which i s  e s t i m a t e d  a c c o rd in g  to  p ro ced u re s  s i m i l a r  to  th o s e
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developed  by Germer . The i n t e g r a l .
D, , = (y and v on th e  same atom) . . .  (3.  12)kk A
i s  c a l c u l a t e d  f o r  each  atomic  c e n t r e  A, u s in g  the  s o r b i t a l s
of t h e  atom, th e n  i s  approxim ated  a s :
D = -T S (D, + D^) , y and v on d i f f e r e n t  atoms yv 2 yv A B
. . .  (3 .13 )
where i s  th e  o v e r l a p  i n t e g r a l ,  y and v a r e  v a l e n c e
o r b i t a l s  on atoms A and B r e s p e c t i v e l y .
3 .3  RESULTS AND DISCUSSIONS
A l l  t h e  c a l c u l a t e d  r e s u l t s  r e p o r t e d  i n  t h i s  i n v e s t i g a t i o n  a r e
b ased  on the  a l l  v a l e n c e  e l e c t r o n  INDO-SCF-MO w a ve func t ions
d e s c r i b e d  i n  Chapte r  2 and a re  o b t a in e d  by i n c o r p o r a t i n g  t h e
s o l v a t o n  t h e o ry  p r e s e n t e d  i n  th e  p r e v io u s  s e c t i o n  i n  th e  SCF-MO
c a l c u l a t i o n s .  In  g e n e r a l  t h e  s p i n  c o u p l in g s  a re  o b t a i n e d  by
t h r e e  app ro ac h es .  F i r s t l y  by u s in g  th e  SCPT-INDO b a s e d  on t h e
(32)work o f  B l i z a r d  and S an t ry  p r e s e n t e d  i n  s e c t i o n  ( 3 . 2 ) .
Secondly th e  SOS-INDO p ro c e d u re  i s  used  w i th  f i x e d  a tomic  
2 -3i n t e g r a l s , S (0) and <  r  >  . T h i r d l y  the  SOS-INDO method
w i th  v a r i e d  i n t e g r a l s .  The second and t h i r d  approaches  a r e
(37)b ased  on the  work of  Towl and Schaumburg d e s c r i b e d  i n
s e c t i o n  ( 2 . 7 ) .  The f i x e d  i n t e g r a l s  used  in  the SCPT c a l c u l a t ­
ions  a r e  p r e s e n t e d  in  Tab le ( 2 . 6 ) ,  w h i le  those  used  i n  th e  
SOS c a l c u l a t i o n s  a r e  l i s t e d  i n  Table  ( 2 . 5 ) .  The v a r i e d  
i n t e g r a l s  which a r e  used  w i th  th e  SOS-MO c a l c u l a t i o n s  a re  e v a l ­
u a t e d  by means of  e q u a t i o n s  (2 .81)  to  ( 2 .8 5 ) .
F lu o r o e t h y l e n e s  and f luo rom ethanes  a r e  chosen to be t h e  s u b j e c t  
o f  t h i s  i n v e s t i g a t i o n  due to  th e  p r e s e n c e  of  some e x p e r i m e n t a l  
d a t a  on n u c l e a r  s p i n - s p i n  c o u p l in g s  f o r  t h i s  s e r i e s  o f  m olecu le s  
i n  v a r i o u s  s o l v e n t s .  Tab les  (3 .2 )  to  (3 .6 )  each show a compar­
i s o n  of  th e  c a l c u l a t e d  and e x p e r im e n ta l  induced  changes i n  
d i f f e r e n t  types  of  co u p l in g s  i n  c e r t a i n  f l u o r o e t h y l e n e s .
T ab les  (3 .7 )  and (3 .8 )  a r e  f o r  th e  f lu o ro m e th a n e s .  When one of  
the  coup led  n u c l e i  i s  hydrogen ,  o n ly  the  c o n t a c t  term i s  g iven  
whereas th e  v a l u e s  r e l a t i n g  t o  th e  f l u o r i n e - c a r b o n  c o u p l in g s  in  
f lu o ro m e th an e s  and f l u o r i n e - f l u o r i n e  c o up l ings  i n  f l u o r o e t h y l e n e s  
a re  o b t a i n e d  as the  a l g e b r a i c  sum of  th e  t h r e e  ( c o n t a c t ,  o r b i t a l  
and d i p o l a r )  c o n t r i b u t i o n s .
The t h r e e  c o n t r i b u t i o n s  to  ^J(C=C) i n  f l u o r o e t h y l e n e  t o g e t h e r  
w i th  t h e i r  sum a re  g iv e n  i n  Table  (3 .11)  as a f u n c t i o n  o f  t h e  
d i e l e c t r i c  c o n s t a n t  of  the  medium w h i le  th e  c o r r e s p o n d in g  (F-C) 
c o u p l in g s  a r e  g iven  i n  Table  (3 .12 )  f o r  the  f l u o r o e t h y l e n e s  and 
Table  (3 .10 )  f o r  th e  f luo rom ethanes  chosen f o r  s t u d y .
S ince  th e  t h e o r e t i c a l  (C-H) c o u p l in g s  r e p o r t e d  i n  r e f e r e n c e  (72) 
f o r  a c r y l o n i t r i l e  a re  too l a r g e ,  r e l a t i v e  to  the  observed  
o nes ,  a c a l c u l a t i o n  f o r  t h i s  m olecu le  has  been per fo rm ed  and th e  
r e s u l t s  p r e s e n t e d  i n  Tab le  ( 3 . 1 3 ) .
Because some r e c e n t  e x p e r i m e n t a l  s o l v e n t  e f f e c t  d a t a  f o r  Im id a z o le  
a r e  a v a i l a b l e ,  c a l c u l a t i o n s  have  been  c a r r i e d  o u t  on t h i s  mole­
c u l e .  A summary of  the  c a l c u l a t e d  and e x p e r i m e n t a l  c o u p l in g s  i s
p r e s e n t e d  i n  Tab le  (3 .14 )  f o r  com para t ive  p u rp o s e s .
Some n i t r o g e n  c o n t a i n i n g  compounds have  a l s o  been  th e  s u b j e c t  
o f  i n v e s t i g a t i o n  i n  o r d e r  to  s tu d y  s o l v e n t  e f f e c t s  on ^J(N-C) 
and ^J(NsC).  The t h e o r e t i c a l  d a t a  a r e  g iven  i n  T ab les  (3 .19 )  
t o  ( 3 . 4 1 ) .
3 .3 .1  Geminal F-H co u p l in g s  i n  f l u o r o e t h y l e n e s
T h e o r e t i c a l  r e s u l t s  based  on th e  s o l v a t o n  model d e s c r i b e d  i n  
s e c t i o n  (3 .2 )  and o b ta in e d  by v a r io u s  ap p ro ac h es ,  th e  INDO-SCPT,
INDO-SOS-fixed i n t e g r a l s  and INDO-SOS-varied i n t e g r a l s  a r e  
p r e s e n t e d  i n  Tab les  (3 .2 )  to  (3 .8 )  a long  w i th  t h e  e x p e r i m e n t a l  
r e s u l t s  f o r  p u rposes  of  compar ison.  These t h e o r e t i c a l  and 
e x p e r i m e n t a l  v a l u e s  r e p r e s e n t  the  d i f f e r e n c e s  be tween t h e  v a l u e s  
measured i n  t h e  i n d i c a t e d  s o l v e n t  and th e  v a lu e  o b t a i n e d  i n  
cyc lohexane  as r e f e r e n c e  s o l v e n t  ex c e p t  f o r  some c a s e s  where 
th e  r e f e r e n c e  s o l v e n t  i s  t e t r a c h l o r o m e t h a n e ,  CCl^.
The (FH)^^^ c o u p l in g  t r e n d s  i n  v i n y l  f l u o r i d e  and t r a n s - 1 , 2 -  
d i f l u o r o e t h y l e n e  a r e  f o r  an i n c r e a s e  w i th  an i n c r e a s e  i n  t h e  d i e l e c ­
t r i c  c o n s t a n t  o f  the  medium while,  t h a t  f o r  t r i f l u o r o e t h y l e n e  d e c r e a s e s  
upon an i n c r e a s e  i n  th e  d i e l e c t r i c  c o n s t a n t  of  th e  medium, e .
These e f f e c t s  can be  concluded  from th e  e x p e r i m e n t a l  d a t a  l i s t e d  
i n  t h e s e  t a b l e s  which a re  chosen  from r e f e r e n c e s  quo ted  i n  
t h e i r  f o o t n o t e s .  E x p e r i m e n t a l l y ,  th e  p o s s i b i l i t y  of  t h e  o c c u r -
ence o f  a s s o c i a t i o n  e f f e c t s  em phas ises  t h e  n e c e s s i t y  of  u s in g  a 
r a t h e r  l a r g e  number of  d i f f e r e n t  s o l v e n t s  when i n v e s t i g a t i n g  
s o l v e n t  e f f e c t s  on c o u p l in g  c o n s t a n t s .  The c a l c u l a t e d  d i e l e c t r i c  
c o n s t a n t  induced  changes i n  f o r  v i n y l  f l u o r i d e ,  c i s - 1 , 2 -
d i f l u o r o e t h y l e n e  and t r a n s - 1 , 2 - d i f l u o r e t h y l e n e  o b t a i n e d  by t h e  
t h r e e  approaches  a re  i n  q u a l i t a t i v e  agreement w i th  th e  e x p e r i ­
m en ta l  t r e n d s  s in c e  a l l  p r e d i c t  a c o u p l in g  i n c r e a s e  i n  s o l v e n t s  
o f  i n c r e a s i n g  e.
The s o l v e n t  induced  changes ,  AJ, of  (FH) i n  c i s - 1 , 2 - d i f l u o -gem
r e t h y l e n e  c a l c u l a t e d  by t h e  v a r i o u s  approaches  a r e  a l l  i n  g e n e r a l
s m a l l e r  i n  magni tude  tha n  t h e  c o r r e s p o n d in g  observed  changes .
The INDO-SCPT method p r e d i c t s  .values  o f  AJ i n  t h i s  case  c l o s e r
to  t h e  e x p e r i m e n t a l  ones th a n  those  o b ta in e d  by b o th  of  th e
INDO-SOS c a l c u l a t i o n s  which a r e  c h a r a c t e r i z e d  by sm a l l  v a l u e s
r e l a t i v e  to  t h e  e x p e r i m e n t a l  ones .  The c a l c u l a t e d  AJ f o r  t h i s
c o u p l in g  i n  v i n y l  f l u o r i d e  i n  the  v a r i o u s  s o l v e n t s  by t h e  SOS
method seems to  be i n  b e t t e r  agreement w i th  th e  c o r r e s p o n d in g
v a l u e s  o b t a i n e d  by th e  SCPT method,  b u t  a l l  v a lu e s  of  c a l c u l a t e d
d a t a  a r e ,  i n  g e n e r a l  s m a l l e r  i n  magni tude  than  th e  o bse rved  ones .
The r e p o r t e d  e x p e r i m e n t a l  d a t a  f o r  t r a n s - 1 , 2 - d i f l u o r o e t h y l e n e
i n d i c a t e  an i n c r e a s e  i n  (FH) upon i n c r e a s i n g  th e  d i e l e c t r i cgem
c o n s t a n t  o f  the  medium. Our c a l c u l a t e d  d a t a  by th e  t h r e e  
approaches  r e f l e c t  t h i s  t r e n d .  However good agreement i s  on ly  
n o te d  f o r  our c a l c u l a t e d  d a t a  w i th  th e  observed  ones i n  t e t r a -  
h y d r o f u r a n  (e = 7 .4 )  and in  a c e t o n i t r i l e  -d ^  (e = 3 5 . 1 ) .
(81)I t  i s  r e p o r t e d  t h a t  t h e  s o l v e n t  induced  change (AJ) o f
( F - H ) i n  t r i f l u o r o e t h y l e n e  i s  a d e c r e a s e  upon i n c r e a s i n g
t h e  d i e l e c t r i c  c o n s t a n t  o f  th e  medium. In  c o n t r a s t  t o  t h i s
t r e n d  t h e  t h r e e  approaches  employed p r e d i c t  an i n c r e a s e  i n
J(F-H) when e i n c r e a s e s .  However, t h e  r e a c t i o n  f i e l d  model gem
used w i t h  th e  FPT o r  SOS p ro ced u res  p r e d i c t s ,  i n  t h i s  c a s e ,  t h e  
same t r e n d  as t h a t  p r e d i c t e d  by our  d a t a .  Thus f u r t h e r  i n v e s t ­
i g a t i o n s  may be  n e c e s s a r y  to  s tudy  s o l v e n t  e f f e c t s  on t h i s  
c o u p l in g .
3 . 3 . 2  The (FH)^^^ c o u p l in g s  i n  f l u o r o e t h y l e n e s
S o lv e n t  dependence  o f  the  (FH)^^^ c o u p l in g s  of  f l u o r o e t h y l e n e s ,  
i n  g e n e r a l ,  i n c r e a s e  i n  s o l v e n t s  o f  h i g h e r  d i e l e c t r i c  c o n s t a n t  
(81,  82, 83) e x c e p t  t h a t  (FH)^^^ i n  t r i f l u o r o e t h y l e n e  
d e c r e a s e s .
The c a l c u l a t e d  d i e l e c t r i c  c o n s t a n t  induced  change i n  t h e  (FH)^^^
co u p l in g s  o f  f l u o r o e t h y l e n e s ,  o b t a in e d  by th e  v a r i o u s  approaches
u t i l i z e d  i n  t h i s  i n v e s t i g a t i o n ,  i n  g e n e r a l ,  ag re e s  q u a l i t a t i v e l y
w i t h  th e  e x p e r i m e n t a l  t r e n d s .  Q u a n t i t a t i v e  ag reement can be
seen  i n  many c a s e s ,  f o r  i n s t a n c e  (FH) f o r  c i s - 1 , 2 - d i f l u o -t r a n s
r e t h y l e n e  i n  carbon d i s u l p h i d e ,  c y c l o p e n ta n o n e , A ce tone -d^  
and a c e t o n i t r i l e .  The c a l c u l a t e d  AJ o b ta in e d  by t h e  SOS-f ixed  
and v a r i e d  i n t e g r a l s  methods a r e  c l o s e r  to  th e  c o r r e s p o n d i n g  
e x p e r i m e n t a l  v a l u e s  in  th e  range  of  low v a l u e s  of  e ,  t h a n  t h o s e
o b ta in e d  by th e  SCPT p r o c e d u r e .  The c a l c u l a t e d  d a t a  f o r  (FH) .
C I S
i n  t r i f l u o r o e t h y l e n e  a l l  e x h i b i t  a d e c r e a s e  w i th  an i n c r e a s e  
o f  th e  d i e l e c t r i c  c o n s t a n t  of  the  medium, e,  i n  agreement w i t h  
o b s e r v a t i o n .
3 . 3 . 3  The v i c i n a l  (FF) c o u p l in g s  of  f l u o r e t h y l e n e s
(83)I t  i s  found t h a t  (FF)^^^ i n  c i s - 1 , 2 - d i f l u o r e t h y l e n e  does
n o t  c o r r e l a t e  w i t h  any common s o l v e n t  p a ra m e te r  such as e.
The c a l c u l a t e d  r e s u l t s  o b t a i n e d  by th e  v a r io u s  approaches  used 
a l l  e x h i b i t  an i n c r e a s e  i n  th e  (FF)^^^ coup l ing  of  t h i s  m o lecu le  
w i t h  i n c r e a s i n g  d i e l e c t r i c  c o n s t a n t  of th e  medium.
Good c o r r e l a t i o n  i s  o b t a in e d  between the  c a l c u l a t e d  (FF) t r a n s
c o u p l in g  i n  t r a n s - 1 , 2 - d i f l u o r e t h y l e n e  o b t a in e d  by t h e  SOS- 
v a r i e d  i n t e g r a l s  approach  and the  e x p e r im e n ta l  d a t a .  The d a t a  
o b t a in e d  by t h e  SOS-varied i n t e g r a l s  method shows th e  same 
t r e n d  as t h e  e x p e r i m e n t a l  r e s u l t s  b u t  a re  s l igh t ly9W va \ \e r  than  
those  o b t a i n e d  by t h e  SOS-fixed i n t e t r a l s  method.
The d i e l e c t r i c  c o n s t a n t  e f f e c t  of the  t h r e e  c o n t r i b u t i o n s
( c o n t a c t ,  o r b i t a l ,  d i p o l a r )  of  (FF) co u p l in g  in^ - t r a n s  ^
t r a n s - 1 , 2 - d i f l u o r e t h y l e n e  o b t a in e d  by the  t h r e e  approaches  a r e  
p r e s e n t e d  i n  Table  (3 .9 ) .  The c a l c u l a t e d  d a t a  by a l l  approaches  
r e v e a l  t h a t  th e  o r b i t a l  c o n t r i b u t i o n  to  AJ i s  s i g n i f i c a n t  r e l a ­
t i v e  to  t h e  c o r r e s p o n d in g  change i n  the  c o n t a c t  te rm ,  i t  can
a l s o  be seen  t h a t  th e  s o l v e n t  induced  change i n  th e  d i p o l a r  
c o n t r i b u t i o n  i s  c o n s i d e r a b l e  w i th  r e s p e c t  to  t h a t  of  t h e  o t h e r  
c o n t r i b u t i o n s .
1 1 .3 . 3 . 4  S o lv e n t  e f f e c t s  on J(C-H) and J (F-C)  i n  f luo rom ethanes
I n  b o th  d i f l u o ro m e th a n e  and t r i f l u o r o m e t h a n e  J(C-H) i n c r e a s e s  
upon i n c r e a s i n g  th e  d i e l e c t r i c  c o n s t a n t  o f  th e  medium 
The c a l c u l a t e d  and obse rved  v a l u e s  f o r  t h e s e  two compounds 
a r e  p r e s e n t e d  i n  T ab les  (3 .7 )  and (3 .8 )  f o r  pu rposes  of  comp­
a r i s o n .  The c a l c u l a t e d  AJ(C-H) i n  d i f l u o r o m e th a n e ,  by a l l  
ap p ro a c h e s ,  i n d i c a t e s  an i n c r e a s e  upon i n c r e a s i n g  t h e  p o l a r i t y  
o f  t h e  s o l v e n t  which ag re e s  w i th  th e  e x p e r im e n ta l  t r e n d .  A l l  
methods p r e d i c t  v a l u e s  o f  AJ(C-H), i n  t h i s  m olecu le  which a r e  
comparable  w i t h  the  c o r r e s p o n d in g  obse rved  ones .  The SOS-var ied  
i n t e g r a l  method p r e d i c t s  a l a r g e r  dependence f o r  ^J(C-H) i n  
d i f l u o ro m e th a n e  on e tha n  do t h e  o t h e r  two methods .
The c a l c u l a t e d  v a l u e s  o f  A^J(C-H) by th e  INDO-SCPT p ro c e d u re  
i n  t r i f l u o r o m e t h a n e  a r e  i n  r e a s o n a b l e  agreement w i th  t h e  e x p e r -
ciS
im e n ta l  d a t a  as well the  s e t s  of  c a l c u l a t e d  r e s u l t s  o b t a i n e d  by 
the  INDO-SOS app roac h ,  u»h*(ch l i k e  the  e x p e r im e n ta l  r e s u l t s ,  
e x h i b i t  avi inc rease  w i th  i n c r e a s i n g  e.  Also i n  T ab les  (3 .7 )  
and (3 .8 )  i t  can be  seen  t h a t  A^J(C-H) of  t r i f l u o r o m e t h a n e  i n  
DMSO as s o l v e n t  i s  n e a r l y  tw ice  the  c o r r e s p o n d in g  v a l u e  f o r  
d i f l u o ro m e th a n e  i n  t h e  same s o l v e n t  and e x h i b i t s  a l a r g e r
dependence on e tha n  th e  l a t t e r .  Our c a l c u l a t e d  v a l u e s  by a l l  
approaches  employed i n d i c a t e  t h i s  r e l a t i o n  s a t i s f a c t o r i l y .
S o lv en t  induced  changes i n  ^J(F-C) i n  t r i f l u o r o m e t h a n e  and 
d i f l u o ro m e th a n e  a re  o b t a in e d  by t a k in g  th e  a l g e b r a i c  sum of  
AJ of  each c o n t r i b u t i o n  ( c o n t a c t ,  o r b i t a l ,  d i p o l a r ) .  The c a l ­
c u l a t e d  F-C c o u p l in g s  by th e  SCPT method i n  d i f l u o ro m e th a n e  
r e f l e c t s  t h e  e x p e r i m e n t a l  t r e n d  f o r  t h i s  c o u p l in g  i n  th e  
s o l v e n t s  l i s t e d  i n  Tab le  (3 .7 )  and can be compared w i th  th e  
e x p e r i m e n t a l  d a t a .  The SOS-fixed i n t e g r a l s  method d a t a  
e x h i b i t  a s m a l l e r  s o l v e n t  dependence and agree  q u a l i t a t i v e l y  
w i th  t h e  obse rved  t r e n d .  The SOS-varied i n t e g r a l  u n s u c c e s s ­
f u l l y  p r e d i c t s  t h a t  A^J(F-C) i n  d i f l u o ro m e th a n e  becomes more 
n e g a t i v e .
D e s p i t e  t h e  quo ted  observed  d a t a  i n  Table  ( 3 . 8 ) ,  which may 
i n d i c a t e  t h a t  ^J(F-C) i n  t r i f l u o r o m e t h a n e  i s  s o l v e n t  i n v a r i a n t ,  
our  c a l c u l a t e d  d a t a  by the  SCPT approach i n d i c a t e  t h a t  t h i s  
co u p l in g  tends  to  i n c r e a s e  upon i n c r e a s i n g  the  p o l a r i t y  of  the  
s o l v e n t  whereas the  SOS approaches  show a s m a l l e r  dependence 
on . ' ' . ^
As i n  th e  case  of  t h i s  co u p l in g  i n  d i f l u o r o m e t h a n e , th e  INDO-SOS 
v a r i e d  i n t e g r a l s  r e s u l t s  d e c r e a s e  upon i n c r e a s i n g  e .
In Table (3 .10 )  the  t h r e e  c o n t r i b u t i o n s  to  ^J(F-C) i n  d i f l u o ­
rome thane  and t r i f l u o r o m e t h a n e  a re  quoted  as f u n c t i o n s  of  e .
From t h e  d a t a  r e l a t i n g  to  d i f lu o ro m e th a n e  and the  co r r e s p o n d in g  
INDO-SCPT c a l c u l a t i o n s  i t  can be seen  t h a t  the  t h r e e  c o n t r i b u t ­
io n s  show an i n c r e a s e  as e i n c r e a s e s  b u t  s o l v e n t  induced  changes 
i n  t h e  o r b i t a l  and d i p o l a r  terms a r e  sm al l  compared w i th  the  
c o r r e s p o n d in g  change i n  the  c o n t a c t  te rm under  th e  same c o n d i t ­
i o n s .  The same e f f e c t s  a r e  o b t a in e d  i n  t h e  case  of  th e  INDO-SOS 
f i x e d  i n t e g r a l  c a l c u l a t i o n s  even though the  t o t a l e d  (F-C) v a l u e s  
a r e  n o t  as s a t i s f a c t o r y  when compared w i t h  th e  obse rved  v a l u e s  
as th o se  o b t a i n e d  by th e  SCPT approach .
The c a l c u l a t e d  ^J(F-C) v a l u e  o f  t r i f l u o r o m e t h a n e  t o g e t h e r  w i th  
a l l  o f  i t s  c o n t r i b u t i o n s  a r e  p r e s e n t e d  i n  Tab le (3 .10 )  as a 
f u n c t i o n  o f  e , t h e s e  d a t a  r e v e a l  t h a t  s o l v e n t  induced  changes 
i n  t h i s  c o u p l in g  a r e  dominated by t h e  changes which occu r  i n  i t s  
c o n t a c t  c o n t r i b u t i o n  and AJ f o r  th e  o r b i t a l  te rm a lm os t  c a n c e l s  
t h e  c o r r e s p o n d in g  change i n  th e  d i p o l a r  term. The INDO-SOS-fixed 
i n t e g r a l  approach  i n  t h i s  case  g ives  a s l i g h t  i n c r e a s e  i n  ^J(F-C) 
upon i n c r e a s i n g  e , whereas th e  INDO-SOS-varied i n t e g r a l  d a t a  
p r e d i c t s  a d e c r e a s e  upon i n c r e a s i n g  e .
3 . 3 .5  S o lv e n t  dependence o f  ^J(C=C) and ^J(F-C) i n  f l u o r o e t h y l e n e s
The d i e l e c t r i c  c o n s t a n t  dependence of  ^J(C=C) in  some f l u o r o e t h ­
y l e n e s  i s  p r e s e n t e d  i n  Tab le ( 3 .1 1 ) .  These r e s u l t s  o f  th e  c a l ­
c u l a t i o n s  f o r  a l l  of  th e  ^J(C=C) i n  t h i s  s e r i e s  o f  m o l e c u le s ,
c o n s id e r e d  by th e  v a r i o u s  a p p ro ac h es ,  ag re e  q u a l i t a t i v e l y  w i th
6 .each  o t h e r .  A l l  show t h a t  J  i s  more d i e l e c t r i c  c o n s t a n t
TABLE 3.2. Comparison of some observed solvent effect,(AJ) on nuclear
spin-spin couplings in vinyl flferide with the theoretical
values obtained by using the solvaton model.
S o l v e n t Coupling SCPT SOS-FIX SOS-VAR A J(exp),t.î
Cyclohexane 2 . 0 2 FH(tmnsQ 0 . 0 0 0 . 0 0 0 .0 0 0. 00
F H (c is ) 0 .00 0 . 0 0 0 . 0 0 0. 00
FH(gem) 0 . 0 0 0 . 0 0 0 .0 0 0 . 0 0
Chlo ro fo rm -d 4 . 8 F H( t r a n s ) 0 .81 0 . 3 0 0 .2 9 1 .8 0
F H (c is ) 0 . 2 6 0 .2 7 0 .2 5 0 . 9 0
FtKgem) 0 . 2 2 0 . 3 2 0 . 2 9 0 . 8 2
Acetone 2 0 . 0 F H ( t ran s ) 1 .27 0 .47 0 .4 5 2 . 8 5
F H (c is ) 0 . 3 9 0 . 4 2 0 . 4 0 1 .42
FH(gem) 0 . 3 4 0 .5 0 0 .4 6 1 .47
Dimethyl - 3 5 . 0 F H ( t ra n s ) 1 .3 3 0 .4 9 0 .4 7 3 . 6 4
formamide F H (c is ) 0 .41 0. 44 0 .4 2 1 . 9 3
FH(gem) 0 . 3 6 0 .5 2 0 . 4 8 1 .8 0
T r i f l u o r o - 3 9 .5 FH( t r a n s  ) 1 .34 0 . 5 0 0 .4 8 2 . 7 6
a c e t i c  a c i d FH(c is ) 0.41 0 .4 5 0. 42 1 .6 0
FH(gem) 0 . 3 6 0 .5 2 0 .4 9 1 .64
Dimethyl - FH( t r a n s ) 1 .35 0 . 5 0 0 .4 8 4 .57
s u lp h o x id e FH (c is ) 0 . 4 2 0 . 4 5 0 .4 2 2.  14
FH(gem) 0 . 3 6 0 .5 3 0 .4 9 1.87
t  The e x p e r i m e n t a l  d a t a  and the  va lue  o f e  a r e  t a ken  from r e f e r e n c e  81 
+ A J  i s  t h e  d i f f e r e n c e  between t h e  c o u p l i n g  c o n s t a n t s  in  th e  i n d i c ­
a ted  s o l v e n t  and in c yc lohexane .
TABLE 3 .3. Comparison of some observed solvent effect,C^J) on nuclear
spin - spin couplings in 1 ,1-difluoroethylene with the
theoretical values obtained by using the solvaton model.
S o l v e n t  6+ Coupling  SCPT SOS-FIX SOS-VA R aJ (exp Re f.
Cyclohexane 2 . 0 2 F H (c i s ) 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 82
FH( t r a n s  ) 0 . 0 0 0 .0 0 0 . 0 0 0 . 0 0 82
FF(gen) 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 82
CSz 2 .61 F H (c i s ) 0 . 0 2 0 . 0 2 0 . 0 2 0 . 1 3 82
FH( t r a n s  ) 0 . 2 9 0 .1 8 0 . 2 0 0 . 3 2 82
FF(gem) - 0 . 4 8 0 .0 5 - 0 . 1 0 - 0 . 4 8 82
CHBra 4 . 2 8 F H (c i s ) 0 . 0 3 0 . 0 3 0 . 0 3 0. 14 82
FH( t r a n s  ) 0 . 6 0 0 .4 0 0 . 4 0 0 .81 82
FF(gem) - 1 . 2 4 0 .0 8 - 0 . 3 5 - 1 . 9 9 82
CHCI3 4 . 6 3 F H ( c i s ) 0 . 0 4 0 . 0 3 0 . 0 3 0 . 1 7 82
FH( t r a n s ) 0 . 6 4 0 . 4 3 0 . 4 2 0 .6 1 82
FF(gem) - 1 . 3 4 0 . 0 9 - 0 . 3 8 1 .6 0 82
CHgCl; 8 .7 5 F H (c i s ) 0 . 0 5 0 .0 2 0 . 0 3 0 . 3 0 82
F H ( t r a n s ) 0 . 8 8 0 .58 0 .5 7 0 . 9 0 82
FF(gem) -1 .86 0 . 1 9 - 0 . 5 2 3 . 5 6 82
C y c l o p e n ta - 16 .0 F H (c i s ) 0 . 0 6 0.01 0 . 0 2 0 . 3 4 83
none FH( t r a n s  ) 0 .8 8 0 .58 0 .57 0 . 9 0 83
FF(gem) - 2 . 1 2 0 . 1 3 - 0 .6 1 4 . 3 4 83
CH3 COCH3 2 0 . 0 F H (c i s ) 0 . 0 6 0.01 0 . 0 2 0 . 4 8 82
FH( t r a n s ) 1 . 0 3 0 .66 0 .6 7 1 .6 8 82
FF(gem) - 2 . 2 0 0 . 1 3 - 0 . 6 2 5 . 9 9 82
2-N i t r o p r o - 2 5 .5 F H (c i s ) 0 . 0 6 0.01 0 .0 2 0. 40 83
pane FH( t r a  ns) 1 .07 0 .68 0 .68 1 .3 8 83
FF(gem) - 2 . 2 4 0 . 1 3 - 0 . 6 4 4 . 7 2 83
DMF 3 5 .8 F H (c i s ) 0 . 0 6 0.01 0.01 0 . 6 2 82
FH( t r a n s ) 1 . 0 9 0 .70 0 .6 9 2 .3 1 82
FF(gem) - 2 . 3 0 0 .14 - 0 . 6 5 6. 1 82
T r i f l u o r o  - 3 9 .5 F H (c is ) 0 . 0 6 0.01 0.01 0. 62 83
a c e t i c  a c id FH( t r a n s ) 1 . 0 9 0.71 0 .6 9 0 . 3 3 83
FF(gem) - 2 . 3 2 0. 14 - 0 . 6 5 5 . 8 6 83
t  The v a lu e s o f  th e d i e l e c t r i c c o n s t a n t  o f  the media a r e  t a k e n fro i
t h e i r  c o r r e s p o n d i n g  r e f e r e n c e .
+ A J i s  t h e  d i f f e r e n c e  between t h e  c o u p l i n g  c o n s t a n t s  in  t h e  i n d i c ­
a ted  s o l v e n t  and in c y c lo h ex an e .
TABLE 3.4. Comparison of some observed solvent e f f e c t , ( A j )  on nuclear
spin-spin couplings in cis-1 ,2-difluoroethylene with the
theoretical values obtained by using the solvaton model.
S o lv e n t Coupling SCPT SOS-FIX SOS-VAR A j(ex p )i t , î
Cyclohexane 2 . 0 2 FH(gem) 0 . 0 0 0 . 0 0 0 .0 0 0 . 0 0
FH( t r a n s ) 0 . 0 0 0 .0 0 0 .0 0 0 . 0 0
F F ( c i s ) 0 . 0 0 0 . 0 0 0 .0 0 0 . 0 0
Carbon d i - 2 .6 4 FH(gem) 0 . 0 2 0 .01 0 . 0 0 - 0 . 0 8
s u lp h o x id e FH( t r a n s ) 0 .3 4 0 .2 5 0 .2 5 0 . 2 7
F F ( c i s ) 0 . 7 9 0 .3 9 0 .35 0 . 6 2
Chlo ro fo rm -d 4 . 8 FH(gem) 0 .0 7 0 .01 0.01 0. 17
FH( t r a n s ) 0 . 8 4 0 .6 3 0 .6 2 0 . 5 4
F F ( c i s ) 1 .98 0 .9 8 0 .86 0 . 0 6
Chlorobenzene 5 . 9 5 FH(gem) 0 . 0 8 0.01 0.01 0 . 3 3
F H ( t r a n s ) 0 . 9 6 0 .7 2 0.71 0 . 5 9
F F ( c i s ) 2 . 2 6 1 .12 0 .9 8 0 . 3 5
Tet rahyd  r o - 7 . 4 FH(gem) 0 . 0 9 0.01 0.01 0 . 5 8
f  uran . FH( t r a n s ) 1 .10 0 .8 0 0 .78 0 . 0 7
F F ( c i s )  • 2 . 4 9 1 .23 1.08 0 . 2 0
Methyl ene 9 . 0 8 FH(gem) 0 . 1 0 0.01 0.01 0 . 8 9
c h l o r i d e FH( t r a n s ) 1.14 0 .86 0 .84 0 .74
F F ( c i s ) 2 . 6 7 1.32 1.16 - 0 . 1 0
C y c lo p e n ta - 16 .0 FH(gem) 0 .1 1 0.01 0 .0 0 0 . 7 2
none FH( t r a n s ) 1 .28 0 .97 0 .94 1 .29
F F ( c i s ) 2 . 9 0 1.48 1.31 0 .3 1
Acetone-dg 2 0 . 0 FH(gem) 0 .1 1 0.01 0 . 0 0 0 . 8 9
FK( t r a n s  ) 1 .33 1 .00 0 .97 1.31
F F ( c i s ) 3 .0 9 1.53 1.34 - 0 . 1 5
A c e t o n i t r i - 35. 1 FH(gem) 0 . 1 2 0.01 0 . 0 0 0 . 9 6
l e - d g FH( t r a n s  ) 1 .39 1.05 1.02 1 .32
F F ( c i s ) 3 . 2 4 1.60 1.41 - 0 . 6 5
T r i f l u o r o - 39 .5 FH(gem) 0 . 1 2 0.01 0 .0 0 0 . 6 6
a c i t i c  a c i d FH( t r a n s ) 1 .40 1.05 1.03 0 . 5 7
F F ( c i s ) 3 .27 1.61 1.42 - 1 . 2 7
t The experimental data and the value of e are taken from reference 83
+ A J  is the difference between the coupling constants in the indic­
ated solvant and in cyclohexane.
TABLE 3.5. Comparison of some observed solvent e f f e c t , ( a J  ) on nuclear
spin-spin couplings in trans-1 ,2-difluoroethylene with the
theoretical values obtained by using the solvaton model.
S o l v e n t Cou p l i n g SCPT SOS-FIX SOS-VAR AJ (exp), t , î
Cyclohexane 2 . 0 2 F H(gem) 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
F H (c i s ) 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
FF( t r a n s ) 0 . 0 0 0 . 0 0 0 .0 0 0 . 0 0
Carbon d i - . 2 . 6 4 FH(gem) 0 . 0 5 0 .0 9 0 .0 9 - 0 . 0 4
s u lp h o x id e F H (c is ) 0 . 0 3 0 . 0 0 0 .0 0 0 . 0 4
FF( t r a n s ) 1 .48 0 .85 0 .73 - 0 . 3 3
Chlo ro fo rm -d 4 . 8 FH(gem) 0 . 1 3 0 .2 4 0 . 2 3 0. 04
FHC CIS ) 0 .0 8 0 .00 -0 .0 1 0. 16
FF( t r a n s ) 3 .6 9 2. 12 1 .82 1 .5 0
Chlo robenzene 5 . 9 4 FH(gem) 0 . 1 5 0 .27 0 .2 6 0 . 0 3
F H (c i s ) 0 .0 9 0 .0 0 - 0 .0 1 0. 19
FF( t r a n s ) 4 .21 2 . 4 0 2 .0 7 0 . 6 4
Tet rahyd  r o - 7 . 4 0 FH(gem) 0 . 1 6 0 . 3 0 0 . 2 9 0 . 1 3
f  uran F H (c is ) 0 . 1 0 0. 00 -0 .0 1 0 . 4 5
FF( t r a n s  ) 4 .6 5 2. 66 2 . 2 8 1 .92
M ethy lene - 9 . 0 8 FH(gem) 0 . 1 7 0 .3 2 0.31 0 . 0 7
c h l o r i d e F H (c i s ) 0 .1 1 0 . 0 0 -0 .0 1 0 . 2 8
FF( t r a n s ) 4 .9 8 2 .85 2 .4 5 1 .92
C y c l o p e n ta - 16 .0 FH(gem) 0 . 2 0 0 . 3 6 0 .35 - 0 . 0 7
none F H (c is ) 0 . 1 2 0 . 0 0 - 0 .0 1 0 . 4 7
FF( t r a n s ) 5 .61 3.21 2 .7 5 2 . 0 4
A ce tone -d  g 2 0 . 0 FH(gem) 0 . 2 0 0 .37 0 .36 0. 00
F H (c is ) 0 . 1 3 0 . 0 0 -0 .0 1 0 . 5 6
FF( t r a n s ) 5 .7 7 3.31 2 . 8 3 2 . 6 9
A c e t o n i t r - 35 .1 FH(gem) 0 .2 1 0 . 3 9 0 .3 8 0. 20
i l e - d g F H (c is ) 0 . 1 3 0 .0 0 -0 .0 1 0 . 5 3
FF( t r a n s ) 6 .06 3 .47 2 .97 3 . 2 6
T r i f l u o r o - 3 9 .5 FH(gem) 0 .2 1 0 .3 9 0 .3 8 0 . 3 6
a c e t i c  a c i d F H (c is ) 0 . 1 3 0 .0 0 -0 .0 1 0 . 2 6
FF( t r a n s ) 6 . 1 0 3 .49 2 .99 3 . 0 9
t The experimental data and the value of e are taken from reference 83
+ AJ is the difference between the coupling constants in the indic­
ated solvent and in cyclohexane.
TABLE 3 . 6 .  Comparison o f  some observed s o l v e n t  e f f e c t  , ( a J )  on  n u c l e a r
s p i n - s p i n  c o u p l i n g s  in t r i f l u o r o e t h y l e n e  wi th  t h e  t h e o r e t i c a l  
v a lu e s  o b t a i n e d  by u s in g  t h e  s o l v a t o n  model .
S o l v e n t =t Coupling SCPT SOS-FIX SOS-VAR AJ (exp) t . î
Cyclohexane 2 .0 2 FH(gem) 
F H (c is )  
FH( t r a n s  )
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .0 0
0 . 0 0
0 . 0 0
0 .0 0
0 .0 0
0 . 0 0  
0.  00 
0 . 0 0
Carbon d i -  
s u lp h o x id e
FH(gem) 
F H (c i s )  
FH( t r a n s )
0 . 0 2
- 0 .0 1
0 .31
0 .0 7
- 0 . 0 7
0 . 2 8
0 .0 7
- 0 . 0 7
0 . 2 8
0 . 0 7
- 0 . 0 5
0 . 2 4
Dimethyl -  
ami ne
3 . 6 FH(gem) 
F H (c is )  
FH( t r a n s )
0 . 0 3
- 0 . 0 3
0 .5 9
0. 12 
- 0 . 1 2  
0 .53
0 . 1 2  
- 0 .  12 
0 . 5 2
- 0 . 3 1
- 0 . 0 5
0 . 8 5
Chlo ro fo rm -d 4 . 8 FH(gem) 
F H (c i s )  
FH( t r a n s  )
0 . 0 5
- 0 . 0 4
0 . 8 0
0 .1 6  
- 0 .  16 
0 .7 0
0. 16 
- 0 . 1 6  
0 .7 0
0. 10 
- 0 . 0 5  
0 . 2 7
Me t h y l e n e -  
c h l o r i d e
9 . 0 8 FH(gem) 
F H (c i s )  
FH( t r a  ns )
0 . 0 6  
- 0 . 0 5  
1 .06
0.21
- 0 .2 1
0 .9 5
0 .21
- 0 . 2 1
0 .9 5
0. 22 
- 0 . 0 8  
0.  48
C y c l o p e n ta -  
none
16 .0 FH(gem) 
F H (c i s )  
FH( t r a n s )
0 . 0 7  
- 0 . 0 6  
1 .20
0 . 2 4
- 0 . 2 3
1.08
0 .2 4
- 0 . 2 4
1 .07
- 0 . 3 0  
- 0 . 0 8  
1. 18
Acetone 2 0 . 0 FH(gem)
F H (c i s )
F H ( t r a n s )
0 . 0 8  
- 0 .  06 
1 .23
0 .24  
- 0 . 2 4
1. 11
0 . 2 5
- 0 . 2 4
1 .1 0
- 0 .  12 
- 0 . 1 2  
1 .01
2—Ni t r  o — 
propane
2 5 .5 FH(gem) 
F H (c is )  
FH( t r a n s )
0 . 0 8
- 0 .  06 
1 .26
0 . 2 5
- 0 . 2 4
1 .14
0 .2 5
- 0 . 2 5
1 .13
- 0 . 0 8
- 0 . 1 1
0 . 7 4
Dimethyl -  
formamide
3 5 . 0 FH(gem) 
F H (c is )  
FH( t r a n s )
0 . 0 8
- 0 .  06 
1 .29
0 .2 5
- 0 . 2 5
1.16
0. 26 
- 0 . 2 5  
1 .1 6
- 0 . 3 4  
- 0 . 4 3  
1. 49
T r i f l u o r o -  
a c e t i c  a c i d
3 9 .5 FH(gem)
F H (c is )
F H( t r a n s )
0 . 0 8  
- 0 .  06 
1 .30
0 .2 6  
- 0 . 2 5  
1. 17
0 .2 6
- 0 . 2 5
1 .16
0. 41 
- 0 . 0 7  
0 .  1 1
t  The e x p e r i m e n t a l  d a t a  and the  va lue  o f  € a r e  t a k e n  from r e f e r e n c e  81.
+ AJ i s  th e  d i f f e r e n c e  between t h e  c o u p l in g  c o n s t a n t s  in  t h e  i n d i c ­
a ted  s o l v e n t  and in cy c lo h e x a n e .
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TABLE 3 . 9 .  Dependence o f  c a l c u l a t e d  J (FF) t r a n s  and i t s  i n d i v i d u a l  
c o n t r i b u t i o n s  ( c o n t a c t , o r b i t a l , d i p o l a r )  i n  t r a n s - 1 , 2 - d i f ­
l u o r o e t h y l e n e  upon t h e  d i e l e c t r i c  c o n s t a n t , £ .
€ Me thod*^ Jc Jo Jd J t o t
2 . 0 a - 6 .4 9 4 8 -105 .7067 18.7701 - 93 .4314
b 18.7006 -65 .9521 4 .6676 -4 2 .5 8 3 9
c 18.6008 - 3 6 .5 0 8 6 2 .5838 - 1 5 .  3240
4 . 0 a - 4 .5 3 4 5 -104 .2125 18.5246 -90 .2 2 2 4
b 19.9363 -6 5 .2 8 4 6 4.6061 - 4 0 .7 4 2 3
c 19.7974 -3 6 .0 8 6 2 2 .5460 - 1 3 .7 4 2 8
6 . 0 a -3 .8 6 6 5 -103 .7091 18.4413- - 8 9 .  1343
b 20.3531 -6 5 .0 5 7 8 4.5851 -4 0 .  1196
c 20.2000 -3 5 .9 4 2 9 2.5331 -13 .2097
10 .0 a -3 .3 2 8 6 -103 .  3022 18.3745 - 8 8 .2 5 6 3
b 20.6871 -64 .8 7 3 4 4.5681 - 3 9 .6 1 8 2
c 20 .5222 - 3 5 .  8267 2 .5228 - 1 2 .7 8 1 7
2 0 .0 a - 2 .9 2 0 8 -102 .9975 18.3238 -8 7 .5 9 4 5
b 20 .9396 - 6 4 .7 3 5 2 4.5553 -3 9 .2 4 0 3
c 20.7656 -35 .7 3 9 4 2 .5149 - 1 2 .4 5 8 9
3 0 .0 a - 2 .7 8 4 2 -1 0 2 .8 9 5 7 18.3072 - 8 7 .3 7 3 7
b 21 .0240 -6 4 .6 8 8 9 4 .5510 - 3 9 .1 1 4 0
c 20 .8469 -3 5 .7 1 0 3 2 .5123 -12 .3511
40. 0 a - 2 .7 1 5 8 -102 .8 4 4 8 18.2988 - 8 7 .2 6 1 8
b 21.0662 - 6 4 .6 6 5 8 4 .5488 - 3 9 .0 5 0 8
c 20 .8876 -35 .6957 2 .5110 -12 .2971
8 0 .0 a -2 .6081 -1 02 .7684 18.2860 - 7 8 .0 9 0 5
b 21 .1296 -6 4 .6 3 1 0 4.5456 - 3 8 .9 5 5 8
c 20 .9486 - 3 5 .6 7 3 7 2 .5090 -12 .2161
"I* a , b and c c o r r e s p o n d  t h e  INEXD-SCPT , INDO-SOS-f ixed i n t e g r a l  and 
INDO-SOS-varied i n t e g r a l  c l c u l a t i o n s  r e s p e c t i v e l y .
TABLE 3 . 1 0 .  Dependence o f  c a l c u l a t e d  J(FC) and i t s  i n d i v i d u a l
c o n t r i b u t i o n s  ( c o n t a c t , o r b i t a l , d i p o l a r )  in  f luo rom ethanes  
upon t h e  d i e l e c t r i c  c o n s t a n t  o f  the  medium,6 .
S o l u t e  € Method^ Jc Jo Jd J t o t
OHz Fz 2 . 0 a -8 5 .7 0 3 6 - 2 3 . 0 1 1 5 8.8001 - 9 9 . 9 1 5 0
b -1 3 8 .6 0 2 5 -16 .9081 5 . 1 0 0 8  - 1 5 0 .4098
c -125 .9 4 8 8 - 1 2 . 6 9 5 4 3.8299 -134 .8 1 4 3
6 . 0 a - 8 3 . 4 9 1 0 -22 .8719 8 .6400  - 9 7 . 7 2 2 9
b - 1 3 8 . 1 9 4 1 -16 .8791 5 . 0 3 1 4  -150 .0419
c - 1 2 6 .0 1 6 2 - 1 2 . 7 1 3 6 3.7897 - 1 3 4 . 9 4 0 1
10 .0 a -8 3 .0 4 9 2 - 2 2 .8 4 3 4 ' 8.6071 - 9 7 .2 8 5 5
b -138 .1117 -1 6 .8 7 3 0 5 .0172  - 1 4 9 .9 6 7 5
c -126 .0 3 1 4 -12 .7172 3.7815 - 1 3 4 . 9 6 7 1
2 0 .0 a -8 2 .7 1 8 2 - 2 2 .8 2 1 9 . 8 .5822  -9 6 .9 5 7 9
b -1 3 8 .0 4 9 7 -16 .8 6 8 3 5.0064 - 1 4 9 . 9 1 1 5
c -126.0431 -12 .7198 3.7752 -1 3 4 .9 8 7 7
3 0 .0 a -8 2 .6 0 8 6 -22 .8147 8 .5739 -9 6 .8 4 9 4
b - 1 3 8 . 0 2 9 0 -16 .8667 5 .0028  -149 .8929
c -126 .0471 -12 .7207 3 . 7 7 3 1  - 1 3 4 . 9 9 4 7
4 0 .0 a - 8 2 .5 5 3 5 -22 .8111 8.5697  - 9 6 . 7 9 4 9
b -138 .0 1 8 7 - 16 .8659 5 .0010 -1 4 9 .8 8 3 5
c -126.0491 - 1 2 .7 2 1 2 3.7721 - 1 3 4 .9 9 8 2
CHF3 2 . 0 a -7 9 .7 3 8 6 - 2 9 . 2 1 5 1 6.5777 -102 .3760
b -127 .9 6 6 5 -19 .6967 3.5167 -144 .1464
c -1 24 .9758 -15 .7 8 2 8 2 .8179  -137 .9407
6 . 0 a - 7 7 .8 0 3 0 - 2 9 . 0 9 1 9 6 .4806 - 1 0 0 . 4 3 4 5
b -1 2 7 .6 6 2 3 - 1 9 . 5 9 4 1 3.4850 -1 4 3 .7 7 1 5
c - 1 2 5 . 2 9 9 3 - 1 5 . 7 7 1 5 2.8051 -1 3 8 .2 6 5 7
10 .0 a - 7 7 .4 1 6 8 - 2 9 .0 6 6 3 6.4604 -1 0 0 .0 2 2 5
b -1 2 7 .6 0 2 9 - 1 9 . 5 9 0 2 3.4760 - 1 4 3 . 7 1 7 1
c -1 2 5 .3 6 8 9 -15 .7830 2.8005 - 1 3 8 . 3 5 1 5
2 0 . 0 à - 7 7 . 1 2 7 4 - 29 .0469 6 . 4 4 5 1  - 9 9 . 7 2 9 2
b -127 . 5 587 - 1 9 .5 8 7 2 3.4693 - 1 4 3 .6 7 6 5
c -125 .4 2 2 3 -15 .7916 2 .7970  -1 3 8 .4 1 6 8
3 0 . 0 a - 7 7 . 0 3 1 3 - 29 .0404 6 . 4 3 9 9  - 9 9 .6 3 1 8
b -127 .5 4 4 0 -19 .5861 3 .4670 -143 .6631
c -125 .4 4 0 3 - 1 5 . 7 9 4 5 2 .7959 -1 3 8 .4 3 8 9
4 0 .0 a -76 .9831 - 2 9 . 0 3 7 1 6 . 4 3 7 4  - 9 9 .5 8 2 8
b -127 .5367 -19 .5856 3.4659 -1 4 3 .6 5 6 4
c - 1 2 5 . 4 4 9 3 -15 .7 9 5 9 2 .7953  -1 3 8 .4 4 9 9
"j- a , b  and c c o r r e s p o n d  th e  INDO-SCPT , INDO-SOS-f ixed i n t e g r a l  and 
INDO-SOS-varied i n t e g r a l  c l c u l a t i o n s  r e s p e c t i v e l y .
TABLE 3 . 1 1 .  Dependence o f c a l c u l a t e d ’j(C=C) and i t s  c o n t r i b u t i v e
te rm s  in f l u o r o e t h y l e n e s upon t h e  d i e l e c t r i c c o n s t a n t
o f  t h e  med ium , €  .
S o l u t e  €  Method t  Jc Jo Jd J t o t
CHgCHF 2 . 0  a 45 .2083 -5 .6 6 4 6 2 .9306 4 2 . 4 7 4 3
b 46.0544 -4 .2751 1 . 2 0 9 2 42 .9885
c 27.5181 - 3 .2 4 6 8 0 .9184 25.1897
6 . 0  a 45 .4383 -5 .6 7 6 6 2 .9538 42.7155
b 4 6.0769 - 4 .2 8 6 9 1 . 2 1 9 0 4 3 . 0 0 9 0
c 27 .5766 -3 .2 6 0 5 0 . 9 2 7 1 2 5 . 2  433
10 .0  a 45.4856 -5 .6791 2 .9586 42.7651
b 46.0817 -4 .2 8 9 4 1.2210 4 3 . 0 1 3 3
c 27.5887 -3 .2 6 3 3 0 .9289 2 5 . 2 5 4 3
2 0 . 0  a 4 5 . 5 2 1 5 -5 .6 8 0 9 2 .9 6 2 3 42.8029
b 46.0853 - 4 . 2 9 1 2 1.2225 43 .0166
c 27 .5979 -3 .2 6 5 5 0 . 9 3 0 3 25.2627
3 0 . 0  a 4 5 . 5 3 3 5 -5 .6 8 1 6 2 .9635 42.8154
b 46.0866 - 4 . 2 9 1 9 1 . 2 2 3 0 4 3 . 0 1 7 7
c 27 .6010 -3 .2 6 6 2 0 . 9 3 0 7 25 .2655
4 0 . 0  a 4 5 . 5 3 9 5 - 5 .6 8 1 9 2.9641 42 .8217
b 46.0872 - 4 . 2 9 2 2 1 . 2 2 3 2 43.0183
c 27.6025 - 3 .2 6 6 6 0 . 9 3 1 0 25 .2669
8 0 . 0  a 45 .5486 -5 .6 8 2 4 2 .9650 42 .8312
b 46.0881 -4 .2 9 2 6 1.2236 4 3 . 0 1 9 1
c 27.6048 -3 .2671 0 . 9 3 1 3 25 .2690
CH2CF2 2 . 0  a 56 .9995 - 4 .6 5 3 5 2 .9879 55. 3339
b 65.7055 - 3 .5 1 8 9 1.2428 63.4294
c 41.5615 - 2 .8 1 3 5 0 .9937 39 .7416
6 . 0  a 57 .7092 -4 .6705 3 . 0 3 3 6 56 .0723
b 6 6 . 0 9 4 4 - 3 . 5 3 1 5 1.2575 63 .8204
c 41.9359 - 2 .8 3 1 5 1.0082 40.1126
10 .0  a 57 .8570 -4 .6740 3.0431 56.2261
b 66.1769 -3 .5341 1.2605 6 3 . 9 0 3 4
c 42.0148 - 2 .8 3 5 2 1.0112 4 0 . I 9 O8
2 0 . 0  a 57 .9692 - 4 .6 7 6 6 3 .0504 5 6 . 3 4 3 0
b 66.2400 -3 .5361 1.2628 63.9667
c 4 2 . 0 7 4 9 - 2 .8 3 8 0 1 . 0 1 3 5 40.2504
3 0 . 0  a 58 .0069 - 4 .6 7 7 5 3 .0528 56 .3822
b 66 .2612 -3 .5 3 6 7 1.2636 63.9881
c 42.0951 -2 .8 3 8 9 1.0143 40.2705
4 0 .0  a 58.0257 - 4 .6 7 8 0 3 .0540 56 .4017
b 66.2718 - 3 . 5 3 7 0 1. 2640 63 .9988
c 42.  1052 - 2 .  8394 1.0147 40 . 2 805
8 0 . 0  a 58.0541 -4 .6 7 8 6 3 .0559 56 .4314
b 66.2878 -3 .5 3 7 5 1.2646 64 .0149
‘ c 42.  1204 -2 .8 4 0 1 1.0153 40 .2956
“I" a , b  and c co r re s p o n d  th e  INDO-SCPT , INDO-SOSl- f  ixed i n t e g r a l  and
INDO-SOS-varied i n t e g r a l  c l c u l a t i o n s  r e s p e c t i v e l y .
TABLE 3.11. continued
S o l u t e  £ Method Jc Jo Jd J t o t
cis-CHFCHF 2 . 0 a 51 .5558 -5 .0 1 9 9 3 . 3 9 9 1 4 9 . 9 3 5 0
b 59.4976 - 3 .7 8 4 3 1.2084 56.9217
c 38.4785 -3 .0 8 2 4 0 .9842 36.3804 •
6 . 0 a 51 .8632 - 5 .0 3 5 2 3 . 4 4 3 1 5 0 . 2 7 1 1
b 59 .6930 - 3 .7 9 4 0 1.2195 57 .1186
c 38.7067 -3 .0 9 7 4 0 .9956 36.6048
10 .0 a 52.0535 - 5 .0 4 4 8 3 . 4 7 0 3 5 0 . 4 7 9 5
b 59.8115 - 3 .7 9 9 9 1.2265 57.2381
c 38.8463 -3 .1 0 6 8 1 . 0 0 2 7 36.7423
2 0 . 0 a 52.1180 - 5 .0 4 8 0 3 .4803 50 .5503
b 59.8511 -3 .8 0 1 9 1.2288 57.2781
c 38.8933 -3 .1 0 9 9 1.0052 36.7885
3 0 . 0 a 52 .1396 -5 .0491 3. 4885 50 .5740
b 59.8644 -3 .8 0 2 5 1.2296 5 7 . 2 9 1 5
c 38.9090 -3 .1 1 1 0 1.0060 36 .8040
4 0 .0 a 52.1504 -5 .0 4 9 7 3. 4851 50 .5858
b 59.8710 - 3 .8 0 2 9 1 . 2 3 0 0 5 7 . 2  982
c 38.9168 - 3 .1 1 1 5 1.0064 36 .8118
8 0 . 0 a 52 .1667 - 5 .0 5 0 5 3. 4875 50.6037
b 59 .8810 -3 .8 0 3 4 I . 2 3 O6 57 .3082
c 38.9287 - 3 .1 1 2 3 1 . 0 0 7 0 36.8234
trans-CHFCHF 2 . 0 a 57 .5366 . - 5 . 4 4 3 5 3.3419 5 5 . 4 3 5 0
b 68.6304 - 4 .1 0 2 2 1.1837 65 .7119
c 4 4.3527 -3.3391 0 .9 6 3 5 41.9771
6 . 0 a 58 .3649 -5 .4 7 5 6 3 .3993 56 .2886
b 69 .3394 -4 .1257 1. 1 9 7 5 66 .4112
c 44.9795 -3 .3 6 9 5 0 .9780 42 .5880
10.0 a 58 .5376 - 5 .4 8 2 2 3 .4113 56 .4669
b 6 9.4862 -4 .1 3 0 6 1.2004 66 .5560
c 45.  1096 -3 .3 7 5 8 0.9811 42 .7148
2 0 . 0 a 58.6697 - 5 .4 8 7 2 3.4205 56 .6030
b 69.5981 - 4 . 1 3 4 3 1.2026 66 .6664
c 4 5.2087 -3 .3 8 0 6 0 .9834 42 .8115
3 0 . 0 a 58 .7139 -5 .4 8 8 9 3 .4236 56 .6486
b 69 .6356 - 4 .  1355 1 . 2 0 3 3 6 6 . 7 0 3 4
c 45.2419 - 3 .  3822 0.9841 42 .8439
4 0 .0 a 58.7361 -5 .4 8 9 7 3. 4251 56 .6715
b 69.6544 - 4 .  1362 1 . 2 0 3 7 66 .7220
c 45.2586 -3 .3 8 3 0 0 .9845 42.8601
8 0 .0 a 58 .7695 - 5 . 4 9 1 0 3. 4274 56 .7059
b 69.6827 - 4 .  1371 1.2043 6 6 . 7 4 9 9
c 45.2837 - 3 .3 8 4 2 0.9851 42 .8846
CHFCFz 2 . 0 a 70.4801 -4 .5 1 6 9 3.6474 6 9 . 6 1 0 6
b 88.4926 -3 .3 4 1 8 1. 2537 86 .4045
c 61.1481 -2 .8881 1.0835 5 9 . 3 4 3 5
6 . 0 a 71 .9065 -4 .5 5 0 4 3.7456 71.  1017
b 89.7528 -3 .3 6 0 4 1.2740 87 .6665
c 62.3557 - 2 .9 1 8 3 1.1064 60 .5438
10 .0 a 72.2071 -4 .5 5 7 4 3 .7665 71 .4162
b 90.0160 -3 .3 6 4 2 1.2783 87 .9  300
c 62.6083 -2 .9 2 4 5 1.1112 60 .7950
TABLE 3.11. continued
S o l u t e  £ Me th od Jc Jo Jd J t o t
CHFCF2 2 0 . 0 a 7 2 . 4 3 6 8 -4 .5 6 2 7 3.7824 71 .6565
b 90.2158 -3 .3671 1.2815 8 8 . 1 3 0 2
c 62 .8002 - 2 . 9 2 9 3 1.1149 60 .9859
3 0 . 0 . a 72 .5138 -4 .5 6 4 4 3.7877 7 1 . 7 3 7 1
b 90.2829 - 3 .  3681 1.2826 8 8 . 1 9 7 4
c 62.8647 - 2 . 9 3 0 9 1.1161 61 .0500
4 0 . 0 a 72 .5525 -4 .5 6 5 3 3 .7904 71 .7776
b 9 0 . 3 1 6 6 " -3 .3 6 8 6 1.2832 8 8 . 2 3 1 1
c 62.8971 - 2 . 9 3 1 7 1.1167 61.0821
EW.O a 72 .6106 -4 .5 6 6 7 3 . 7 9 4 4 71 .8383
b 9 0.3672 - 3 .  3693 1.2840 88 .2818
c 62 .9457 -2 .9 3 2 8 1.1177 6 1 . 1 3 0 5
TABLE 3 .1 2 .  Dependence o f  c a l c u l a t e d  
t e rm s  in f l u o r o e t h y l e n e s
i j (FC)  and i t s  c o n t r i b u t i v e  
upon t h e  d i e l e c t r i c  c o n s t a n t , £ .
S o l u t e  £ Methodt  Jc Jo Jd J t o t
CHjCHF 2 . 0 a - 8 3 .2 0 4 0 -1 9 .3 4 4 8 3 .6184 -9 8 .9 3 0 4
b -100 .8331 -12 .5 5 5 7 2 .5314 -1 1 0 .6 5 7 4
c - 8 3 .  1258 - 8 .6 3 9 8 1.7419 - 9 0 . 0 2 3 7
6 . 0 a -8 0 .3 6 8 6 -18 .9501 3 .5269 - 9 5 .7 9 1 8
b -9 9 .8 0 2 5 -1 2 .3 3 9 9 2 .5 1 2 0 - 1 0 9 .6 3 0 4
c -82 .3482 - 8 . 4 9 7 9 1 . 7 2 9 9 - 8 9 .1 1 6 2
10 .0 a -7 6 .8 0 0 7 -1 8 .8 6 9 8 3 .5 0 8 2 -9 5 .1 6 2 3
b - 9 9 . 5 9 9 1 - 1 2 . 2 9 5 7 2 . 5 0 8 0 -1 0 9 .3 8 6 9
c - 8 2 . 1 9 4 9 - 8 .4 6 8 9 1 . 7 2 7 4 -8 8 .9 3 6 4
2 0 . 0 a - 7 9 . 3 7 4 7 - 1 8 .8 0 9 3 3 . 4 9 4 0 - 9 4 . 6 9 0 0
b -99 .  4472 -12 .2 6 2 4 2 .5 0 5 0 -1 0 9 .2 0 4 7
c -8 2 .0 8 0 5 - 8 .4 4 6 9 1 .7256 - 8 8 .8 0 1 9
3 0 .0 a - 7 9 . 2 3 2 7 -18 .7891 3 .4893 - 9 4 . 5 3 2 5
b -9 9 .  3967 - 1 2 . 2 5 1 3 2 . 5 0 4 0 - 1 0 9 .1440
c -82 .0 4 2 5 - 8 . 4 3 9 6 1 .7249 - 8 8 . 7 5 7 2
4 0 .0 a -7 9 .  1617 -1 8 .7 7 9 0 3 .4869 - 9 4 . 4 5 3 8
b - 9 9 .  3715 -12 .2457 2 . 5 0 3 5 - 1 0 9 . 1 137
c -8 2 .0 2 3 5 - 8 . 4 3 5 9 1 .7246 - 8 8 .7 3 4 8
8 0 . 0 a - 7 9 .0 5 5 2 -18 .7 6 3 8 3 .4 8 3 4 - 9 4 .3 3 5 6
b -9 9 .3 3 3 7  - - 1 2 . 2 3 7 3 2 .5 0 2 7 -1 0 9 .0 6 8 3
c -81 .9951 - 8 . 4 3 0 4 1.7241 - 8 8 . 7 0 1 3
CH2 CF2 2 . 0 a -81 .0131 -2 5 .8 5 2 3 1 .7656 - 1 0 5 .0 9 9 8
b -105 .  1551 -15 .8851 1 . 7 5 3 2 - 1 1 9 . 2  870
c -9 4 .6 0 6 9 -11 .8207 1. 3046 - 1 0 5 . 1229
6 . 0 a -7 6 .6 5 8 4 - 2 5 . 5 7 9 0 1.6877 - 1 0 2 . 5 4 9 7
b -104 .5771 - 1 5 . 7 3 4 9 1.7295 - 1 1 8 .5 8 2 5
c - 9 4 . 3326 -11 .7364 1 . 2 9 0 0 - 1 0 4 .7 7 9 0
10 .0 a -7 8 .1 8 6 5 - 2 5 . 5 2 3 1 1.6715 -102 .0381
b -104 .4 5 6 6 -15 .7044 1 .7247 -118 .  4 3 6 3
c -9 4 .2 7 4 0 -11 . 7 1 9 3 1.2870 - 1 0 4 .7 0 6 3
2 0 . 0 a -7 7 .8 3 2 4 -2 5 .4 8 1 0 1 .6593 -101 .6 5 4 1
b -1 0 4 .3 6 5 0 -15 .6 8 1 4 1 .7210 -118 .  3 2 5 4
c - 9 4 . 2 2 9 3 -11 .7064 1 .2848 -1 0 4 .6 5 0 9
3 0 . 0 a -7 7 .7 1 4 3 -2 5 .4 6 6 9 1.6551 -1 0 1 .5 2 6 1
b -1 0 4 .  3342 -15 .6737 1 .7198 -118 .2881
c -94 .2141 -11 .7021 1 .2840 - 1 0 4 .6 3 2 2
40 .0 a -7 7 .6 5 5 3 -2 5 .4 5 9 8 1 .6 5 3 0 -1 0 1 .  4621
b -1 0 4 .3 1 8 8 - 1 5 .6 6 9 9 1 .7192 - 1 1 8 .2 6 9 5
c - 9 4 .2 0 6 5 - 1 1 .6 9 9 9 1 .2836 -1 0 4 .6 2 2 8
8 0 . 0 a -77 .5 6 6 8 - 2 5 . 4 4 9 2 1 .6 5 0 0 - 1 0 1 .3 6 6 0
b -104 .2 9 5 6 -15 .6641 1 .7183 -1 1 8 .2 4 1 5
c - 9 4 . 1 9 5 1 -1 1 .6 9 6 7 1.2831 - 1 0 4 .  6088
' I '  a , b  and c c o r r e s p o n d  th e  INDO-SCPT , IIDO-SOS-f ixed i n t e g r a l  and 
INDO-SOS-varied i n t e g r a l  c l c u l a t i o n s  r e s p e c t i v e l y .
TABLE 3.12. continued
S o l u t e  £ Method Jc Jo Jd J t o t
cis-CHFCHF 2 . 0 a -100 .1152 -16 .1 3 8 2 3 .9333  -112.3201
b. -1 2 1 .9 3 3 0 -9 .3 9 1 2 3.2507  -128 .0735
c -97 .8275 - 6 .3 0 7 8 2 .1834  -1 0 1 .9 5 2 0
6 . 0 a -9 7 .0 5 4 3 -1 5 .7 3 1 6 3 .8065  -108 .9794
b -1 2 0 .9 3 0 8 - 9 .1 6 4 0 3.2325  -1 2 6 .8 6 2 3
c -9 7 .0 6 9 4 - 6 .  1578 2.1721 -101 .0551
10 .0 a -9 6 .4 3 8 9 -1 5 .6 4 8 4 3 .7800  -108 .3073
b -120 .7287 - 9 .1 1 7 8 3 .2285  -1 2 6 .6 1 7 9
c -96 .9 1 6 4 - 6 .1 2 7 2 2 .1696  - 1 0 0 .8 7 4 0
2 0 . 0 . a -95 .9 7 6 4 - 1 5 .5 8 5 6 3 .7599  -107.8021
b -120 .5 7 6 9 - 9 .0 8 2 9 3 .2254  - 1 2 6 . 4 3 4 3
c -96 .8 0 1 5 - 6 .1 0 4 2 2 .1677  - 1 0 0 .7 3 8 0
3 0 . 0 a - 9 5 .8 2 2 2 -1 5 .5 6 4 5 3 .7532  - 1 0 7 . 6 3 3 5
b -1 2 0 .5 2 6 2 - 9 .0 7 1 2 3 .2244  - 1 2 6 . 3 7 3 1
c -96 .7631 - 6 .0 9 6 5 2. 1670 - 1 0 0 .6 9 2 6
4 0 .0 a -95 .7451 -1 5 .5 5 4 0 3 . 7 4 9 8  - 1 0 7 . 5 4 9 3
b -120 .5 0 0 9 -9 .0 6 5 4 3 . 2 2 3 9  -126 .3 4 2 4
c -96 .7439 - 6 .0 9 2 6 2.1667 - 1 0 0 .6 6 9 8
8 0 . 0 a -95 .6294 -1 5 .5 3 8 2 3 . 7 4 4 7  -107 .  4229
b -120 .4629 - 9 .0 5 6 6 3 . 2 2 3 1  - 1 2 6 .2 9 6 4
c -96 .7151 -6 .0 8 6 8 2 .1 6 6 2  - 1 0 0 .6 3 5 8
trans-CHFCHF 2 . 0 a • -8 9 .  4242 -1 4 .9 5 3 5 3 .9750  -100 .  4027
b -9 7 .7 1 5 0 -9 .0 3 9 9 3 .0946  - 1 0 3 . 6 6 0 3
c -7 8 .  3431 -6 .0681 2 . 0 7 7 3  - 8 2 .3 3 4 0
6 . 0 a -8 6 .5 3 5 4 -14 .6 4 0 6 3 .8645 -9 7 .3 1 1 5
b - 9 6 .7 9 1 2 -8 .8 6 8 4 3.0771 - 1 0 2 .5 8 2 5
c - 7 7 .6 6 2 9 -5 .9571 2 .0 6 6 9  -8 1 .5 5 3 0
10 .0 a -8 5 .9 5 4 8 -1 4 .5 7 6 7 3 .8418  -9 6 .6 8 9 7
b -9 6 .6 0 7 0 -8 .8 3 3 1 3 .0735 -1 0 2 .3 6 6 6
c -7 7 .5 2 7 6 - 5 .9 3 4 2 2 .0648  -8 1 .3 9 7 0
2 0 . 0 a -8 5 .5 1 6 2 -1 4 .5 2 8 8 3 .8244 - 9 6 .2 2 0 6
b -9 6 .  4678 - 8 .8 0 6 7 3 . 0 7 0 7  - 1 0 2 . 2 0 3 7
c -7 7 .4 2 5 3 -5 .9171 2 .0 6 3 2  -81 .2792
3 0 . 0 a -8 5 .3 6 9 8 -1 4 .5 1 2 6 3 .8186  - 9 6 .0 6 3 8
b -96 .4 2 1 3 - 8 .7 9 7 8 3 .0698  -102 .1493
c -7 7 .  3912 -5 .9 1 1 4 2 .0 6 2 6  - 8 1 .2 4 0 0
4 0 . 0 a - 8 5 .2 9 6 6 -14 .5047 3 .8156  -9 5 .9 8 5 7
b -96 .  3981 -8 .7 9 3 4 3 .0693  -102 .  1221
c -77 .3 7 4 2 - 5 .9 0 8 5 2 .0624  -8 1 .2 2 0 3
8 0 .0 a -85 .1867 -1 4 .4 9 2 7 3 .8112  -9 5 .8 6 8 2
b - 9 6 .3 6 3 2 - 8 .7 8 6 7 3 .0686  -1 0 2 .0 8 1 3
c -7 7 .  3436 - 5 .9 0 4 2 2 .0620  - 8 1 . 1 9 0 9
CHFCFz 2 . 0 a -1 17.9709 - 1 1 .6 6 0 2 4 . 4 9 5 2  - 1 1 5 . 1 3 5 9
b -1 10.8734 - 6 .4 1 0 3 3 .5314  - 1 1 3 . 7 5 2 3
c - 8 6 .8 2 2 0 - 4 .2 1 3 8 2 .3214  -8 8 .7 1 4 4
6 . 0 a -1 0 4 .8 7 9 5 -11 . 3264 4 .3406  -1 1 1 .8 6 5 3
b -1 10.3973 - 6 .  1843 3 . 5 2 0 9  - 1 1 3 .0 6 0 6
c -8 6 .  4816 - 4 .0 6 6 5 2 . 3 1 5 2  - 8 8 . 2 3 2 9
10.0 a -104 .2519 -11 .2584 4. 3076 -11 1.2027
b -110 .3015 -6 .1 3 8 2 3 .5185  - 1 1 2 . 9 2 1 2
c -86 .4 1 3 4 -4 .0365 2 .3138  -8 8 .1 3 6 1
TABLE 3.12. continued
S o l u t e € Method Jc Jo Jd J t o t
CHFCFz 2 0 . 0 a -103 .7 7 9 5 -11 .2070 4.2825 -1 1 0 .7 0 4 0
b -110 .2294 - 6 .  1034 3 .5166 -1 1 2 .8 1 6 2
c -8 6 .  3620 - 4 .0 1 3 8 2 .3126 - 8 8 .0 6 3 2
3 0 . 0 a -103 .6 2 1 2 -11 .1898 4.2741 - 1 1 0 .5 3 6 9
b -1 10 . 2054 -6 .0 9 1 7 3 .5159 -1 1 2 .7 8 1 2
c -8 6 .  3449 - 4 .0 0 6 2 2 .3123 -8 8 .0 3 8 9
4 0 . 0 a -1 0 3 .5 4 2 2 -11 .1812 4 .2699 - 1 1 0 .4 5 3 5
b -110 .1934 ' - 6 .0 8 5 9 3 .5156 -1 1 2 .7 6 3 7
c -86 .3364 -4 .0024 2.3121 -8 8 .0 2 6 8
8 0 . 0 a -1 0 3 .4 2 3 8 -11 .1682 4.2635 -1 1 0 .3 2 8 5
b -110 .1753 -6 .0 7 7 1 3.5151 - 1 1 2 .7 3 7 3
c -8 6 .  3235 - 3 .9 9 6 7 2.3118 - 8 8 .0 0 8 5
0 D .dependen t  than  J  and J  . A s i g n i f i c a n t  i n c r e a s e  o ccu r s  f o r
upon i n c r e a s i n g  e , whereas  and under  th e  same range
of  changes of  e ,  change s l i g h t l y  i n  o p p o s i t e  d i r e c t i o n s ,
becomes more n e g a t i v e  and more p o s i t i v e .  These d a t a  s u g g e s t  
1t h a t  J(C=C) becomes more d i e l e c t r i c  c o n s t a n t  dependen t  as  th e  
number o f  f l u o r i n e s  s u b s t i t u t e d  i n  th e  f l u o r o e t h y l e n e  i n c r e a s e s
The d i e l e c t r i c  c o n s t a n t  e f f e c t s  on ^J(F-C) and upon i t s  c o n t r i ­
b u t i o n s  to  F l u o r o e t h y l e n e  a r e  p r e s e n t e d  i n  Table  ( 3 . 1 2 ) .  The
c a l c u l a t i o n s  by a l l  approaches  u sed ,  p r e d i c t  th e  same t r e n d .
C . . . Q D CJ  i s  more s o l v e n t  s e n s i t i v e  than  a r e  J  and J  . J  i n c r e a s e s
as c i n c r e a s e s  w h i le  i n c r e a s e s  s l i g h t l y  and d e c r e a s e s
s l i g h t l y  under  th e  same c o n d i t i o n s .  However the  SCPT approach
p r e d i c t s  a g r e a t e r  e dependence than  b o th  80S d a t a  s e t s .
3 . 3 . 6  S o lv en t  dependence o f  ^J(C-H) in  a c r y l o n i t r i l e
The v a lu e  of  ^J(C-H) f o r  a c r y l o n i t r i l e  has  been c a l c u l a t e d  by 
the  t h r e e  approaches  as a f u n c t i o n  o f  e .  These r e s u l t s  a r e  p r e ­
s e n te d  i n  T ab le  ( 3 . 1 3 ) .  The c a l c u l a t e d  r e s u l t s  by th e  SCPT 
p ro ced u re  f o r  ^J(C^-Hg) + ^J(C^-H^) and ^J(C2-H^) b o th  i n c r e a s e  
(become more p o s i t i v e )  as e i n c r e a s e s .  The observed  tendency  
o f  ^JXC^-H^) ag re e s  r e a s o n a b l y  w e l l  w i th  our  c a l c u l a t e d  r e s u l t s  
e s p e c i a l l y  w i th  th o se  o b t a in e d  by th e  SCPT approach .  The 
v a l u e s  o f  AJ(C2~H^) o b t a in e d  by th e  SOS approaches  a r e  s l i g h t l y  
s m a l l e r  than  th e  c o r re s p o n d in g  changes i n  the  same s o l v e n t
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o b t a i n e d  by t h e  SCPT method.  However our  c a l c u l a t e d  v a l u e s  of
AJ(CH) i n  t h i s  m olecu le  a r e  somewhat b e t t e r  than  th o se  r e p o r t e d  
(72)e l sew he re  and o b ta in e d  by u s in g  th e  FPT approach ,  which
a re  r a t h e r  l a r g e r  tha n  t h e  co r r e s p o n d in g  observed  ones .
3 . 3 . 7  S o lv e n t  dependence o f  J(C-H) i n  Imidazo le
The two n i t r o g e n  atoms i n  Im idazo le  exchange t h e i r  p r o t o n  i n  a 
r a p i d  t a u to m e r i c  e q u i l i b r i u m .  The geometry of  t h i s  m o lecu le  i s  
taken  from a r e c e n t  n e u t ro n  d i f f r a c t i o n  s tu d y  of  Carven e t  a l  
The com par ison  o f  th e  t h e o r e t i c a l  (C-H) c o u p l in g s  and t h e  e x p e r ­
im e n ta l  v a l u e s  a r e  i n  most  cases  n o t  s t r a i g h t  forward  beca u se  of  
a N-1,  H N-3,  H t a u to m e r i c  e q u i l i b r i u m ,  t h e r e  a re  some coup­
l i n g s  however,  which a re  i d e n t i c a l  i n  th e  two ta u te m e rs  and f o r  
th e s e  c a s e s  the  c a l c u l a t e d  and observed  c o up l ings  a r e  comparab le .  
For t h e  c o u p l in g s  which a r e  e x p e r i m e n t a l l y  averaged  by t a u to m e r -  
ism, t h e  measured v a l u e s  shou ld  be  compared to  t h e  av e rage  o f  
the  c o r r e s p o n d in g  c a l c u l a t e d  v a l u e s .  No e x p e r i m e n t a l  d a t a  a re  
a v a i l a b l e  i n  i n e r t  s o l v e n t s  such as cyclohexane o r  CCl^. Our 
c a l c u l a t e d  d a t a  a r e  compared w i th  t h e  a v a i l a b l e  e x p e r i m e n t a l  
r e s u l t s  i n  v a r i o u s  s o l v e n t s  i n  Table  ( 3 .1 4 ) .
E x p e r i m e n t a l l y  ^J(C2“H2 ) changes by 0.4Hz between CDCl^ and 
Ace tone -d^ .  The co r r e s p o n d in g  c a l c u l a t e d  change o b t a i n e d  by 
th e  SCPT approach i s  +0.21 Hz, by the  SOS-fixed i n t e g r a l s  
method i t  i s  +0.23 Hz and by th e  SOS-varied i n t e g r a l s  approach  
i t  i s  +0 .28 Hz. The e x p e r im e n ta l  tendency  of  th e  av e ra g e  of
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and i s  to  d e c re a s e  upon i n c r e a s i n g  the
d i e l e c t r i c  c o n s t a n t  of  t h e  medium. The c a l c u l a t e d  v a l u e s  
o b t a in e d  by a l l  approaches  c o n s id e re d  r e f l e c t  t h i s  t r e n d .
The s o l v e n t s  i n  Tab le (3.  13) a r e  sequenced i n  o r d e r  o f  i n c r e a s ­
ing  d i e l e c t r i c  c o n s t a n t  o f  t h e  medium. D e s p i t e  t h e  f a c t  t h a t  
the  a v a i l a b l e  e x p e r i m e n t a l  v a l u e s  o f  co u p l in g s  i n  Im id a z o le  a r e  
on ly  r e p o r t e d  f o r  a sm a l l  number o f  s o l v e n t s  and chosen  from 
d i f f e r e n t  r e f e r e n c e s ,  th e  c a l c u l a t e d  v a l u e s  f o r  t h e s e  c o u p l in g s
r e a s o n a b l y  a g re e  w i th  t h e  e x p e r i m e n t a l  ones e x c e p t  f o r  t h e  case 
3of  JCC^-H^) where t h e  a v a i l a b l e  d a t a  i n d i c a t e  a s l i g h t  i n ­
c r e a s e  f o r  t h i s  co u p l in g  upon i n c r e a s i n g  the  p o l a r i t y  of  the  
medium w h i le  t h e  t h e o r e t i c a l  v a l u e s  e x h i b i t  a s l i g h t  d e c r e a s e  
i n  v a l u e .
In  Tab les  (3 .15 )  and ( 3 . 1 6 ) ,  th e  charge  d e n s i t i e s  o f  t h e  v a l e n c e  
o r b i t a l s ,  n e t  cha rge s  of  th e  atomic  c e n t r e s  and d i p o l e  moment 
i n  v i n y l  f l u o r i d e  and t r i f l u o r o e t h y l e n e  p r e d i c t e d  by th e  s o l -  
v a t o n  model u s in g  INDO-SCF -MO c a l c u l a t i o n s  a r e  p r e s e n t e d ,  f o r  
th e  i s o l a t e d  m olecu le  where ( e = 1.0)  and i n  a s o l v e n t  of  
d i e l e c t r i c  c o n s t a n t  (e = 4 0 . 0 ) .  There appea rs  to  be  no 
s i g n i f i c a n t  change i n  the  v a l u e  of  t h e  d ip o l e  moment o r  i n  i t s  
d i r e c t i o n .
The v a lu e  of  1.11 Debyes i s  p r e d i c t e d  f o r  the  i s o l a t e d  m o lecu le  
1 ,1 -  d i f l u o r o e t h y l e n e  which l i e s  a long  th e  c = c a x i s  i n  z 
d i r e c t i o n  w h i le  the  va lu e  o f  1.14 Debyes i s  p r e d i c t e d  i n  a
TABLE 3 . 1 5 .  C a l c u l a t e d  v a l u e s  o f  c h a r g e  d e n s i t i e s  o f  o r b i t a l s ,  n e t  
c h a r g e  o f  a tomic  c e n t r e s  and m o l e c u l a r  d i p o l  moment, i n  
v i n y l  f l u o r i d e , f o r  i s o l a t e d  m olecu le  ( € = 1 . 0 ) , and  in  s o l ­
ven t  o f  (€ = 4 0 . 0 ) .
€  = 1 .0 € = 4 0 . 0
Atom Atom V alence Ch a rg e Atomic Charge a to m ic
n o t o rb  i t a l d e n s i t y p o p u l a t i o n d e n s i t y p o p u l a t i o n
1 H IS 1.0219 1.0219 1.0228 1.0228
2 H IS 0.9599 0 .9699 0 .9 7 0 6 0 .9706
3 H IS . 0 .9735 0 .9735 0 . 9 7 1 2 0 .9712
4 C 2S 1.0355 3 .7132 1 .0334 3 .6968
2Px 0 .7786 0 .7 7 1 3
2Py 0 .9735 0 ,9 7 1 2
2Pz 0 .9256 0 .9 2 0 9
5 C 2S 1.0814 4.1000 1 .0842 4.1029
2Px 0.9468 0 .9464
2Py 1. 0784 1 .0795
2P% 0.9934 0 .9 9 2 8
6 F 2S 1.8498 7 .2215 1 .8493 7 .2 3 5 7
2Px 1. 5669 1 .5773
2Py 1.9 481 1 .9493
1.8567 1.8598
D i p o l e ^ 1 .56  Debyes 1 .63  Debyes
moment 0 = 6 7 . 0 2 0 = 6 6 . 9 7
r '  V
TABLE 3 . 1 6 . C a l c u l a t e d  v a l u e s  o f  c h a r g e  d e n s i t i e s  o f  o r b i t a l s ,  ne t  
c h a r g e  o f  a tomic  c e n t r e s  and m o l e c u la r  d i p o l  moment, i n  
t r i f l u o r o e t h y l e n e , f o r  i s o l a t e d  m olecu le  ( € = 1 . 0 ) ,  and in  
s o l v e n t  o f  (€ = 4 0 .0 ) .
€  = 1.0 € = 4 0 . 0
Atom Atom V alence Charge Atomic Charge atomic
not o r b i t a l d e n s i t y p o p u l a t i o n d e n s i t y p o p u l a t i o n
1 H IS 0 . 9 7 3 1 0 . 9 7 3 1 0 .9720 0 .9720
2 C 2S 1.0386 3.8795 1.0400 3 .8665
2Px 0.8119 O.8 O33
2Py 1. 1206 1 . 1 2 1 3
2Pz 0 .9084 0 . 9 0 2 0
3 C 2S 1.0061 3.5415 1.0016 3 . 5 1 0 2
2Px 0.6728 0.6599
2Py ' 1.0167 1.0125
2Pz 0 .8459 0 .8362
4 F 2S 1.8475 7 .1850 1.8480 7 .2006
2Px 1.5426 1 . 5 5 3 2
2Py 1.9569 1.9582
2Pz 1.8380 1.8412
5 F 2S 1.8508 7 .2089 1.8518 7 .2 2 4 9
2Px 1 . 5 4 5 7 1.5563
2Py 1.9521 1.9533
2Pz I . 8 6 O3 1.8635
6 F 2S 1.8506 7.2121 1.8519 7 .2 2 5 8
2Px 1.5898 1.5585
2Py 1.9536 1 . 9 5 4 7
2Pz 1.8580 1.8607
Dipole 1.53  Debyes 1.60  Debyes
moment 0 = 1 0 8 . 5 7 0  = 108.27
4 5
solvent of (e = 40.0) in the same direction.
In  the case  of  c i s - 1 , 2 - d i f l u o r o e t h y l e n e  the  o b ta in e d  d i p o l e  
moment i s  2.90  Debyes ly in g  on the  x - a x i s  p e r p e n d i c u l a r  to  
the  c = c a x i s ,  w h i le  the va lue  of  3.03  Debyes i s  o b ta in e d  
in  a s o l v e n t  of  (e = 40.0)  where no change i n  the va lue  or  
d i r e c t i o n  of  the  d ip o l e  moment in  t r a n s - 1 , 2 - d i f l u o r o e t h y l e n e  
which always = 0 . 0 .  These c a l c u l a t i o n s  a re  i n  agreement  w i th  
the  r equ i rem en ts  o f  symmetry. No c o r r e l a t i o n  between the  
charge  d e n s i t i e s  and t r e n d s  in  J  d a t a  i s  o b ta in e d  as e changes.  
Also no appa re n t  c o r r e l a t i o n  e x i s t s  between the  s i z e  o f  m o le c u la r  
d ip o l e  moment and th e  s e n s i t i v i t y  of  any co r re s p o n d in g  c o u p l in g ,
J  to a change in  d i e l e c t r i c  c o n s t a n t ,  e.
Table (3 .17) shows a comparison of  some observed  s o l v e n t  
e f f e c t s  (AJ) on n u c l e a r  s p in  coup l ings  w i th  those  o b ta in e d  
from the  SCPT method w i t h i n  the  s o lv a t o n  model ,  and th o s e  
o b ta in e d  from the  FPT approach w i t h i n  th e  r e a c t i o n  f i e l d  
model These d a t a  i n d i c a t e  t h a t  b o th  the  s o l v a t o n  model
and the  r e a c t i o n  f i e l d  model in  g e n e r a l ,  p r e d i c t  th e  c o r r e c t  
t r e n d s  f o r  coup l ings  c o n s id e re d ,  however i n  most c a s e s  the  
s o lv a to n  model p r e d i c t s  s o lv e n t  induced  change,  AJ v a l u e s ,  
on s p in  coup l ings  which a re  c l o s e r  to the e x p e r im e n ta l  v a l u e s  
than  th e  co r respond ing  va lu e s  o b ta in e d  by the  r e a c t i o n  f i e l d  
model.  Also in  Table (3 .18) a n o th e r  comparison o f  some ob­
se rved  s o l v e n t  e f f e c t s  (AJ) on s p in  c o up l ings  w i th  those
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o b ta in e d  from SOS c a l c u l a t i o n s  w i t h i n  t h e  r e a c t i o n  f i e l d  and 
s o l v a t o n  models .  These d a t a  show i n  many c a s e s ,  t h a t  th e  
t h e o r e t i c a l  v a l u e s  of  AJ o b t a in e d  by th e  s o l v a t o n  model a re  
i n  more r e a s o n a b l e  agreement w i th  exper im en t  than  t h o s e  
o b t a in e d  by the  r e a c t i o n  f i e l d  model .  These g ive  an i n d i c a t i o n  
t h a t  t h e  l o c a l  p o l a r i z a t i o n s  o f  t h e  s o l v e n t ,  a r i s i n g  from th e  
n e t  cha rges  on th e  s o l u t e  c e n t r e s  which i s  p roposed  by th e  s o l ­
v a to n  model ,  can more r e l i a b l y  d e s c r i b e  th e  i n t e r a c t i o n  be tween  
the  s o l v e n t  and s o l u t e  molecu le  th a n  th e  p o l a r i z a t i o n  o f  s o l v e n t  
a r i s i n g  from the  t o t a l  d i p o l e  moment on which th e  r e a c t i o n  f i e l d  
model i s  b a s e d .
3 . 3 . 8  S o lv e n t  e f f e c t s  on ^J(NC)
Some s imple  n i t r o g e n  c o n t a i n i n g  compounds have been  chosen  to  
be the  s u b j e c t  o f  t h i s  work.  The s e r i e s  o f  m o lecu le s  c o n s i d e r e d  
i s  l i s t e d  i n  Table  (3.19 ) .  The p r e v i o u s l y  d e s c r i b e d  t h e o r e t i c a l  
approaches  have been employed to  i n v e s t i g a t e  th e  e f f e c t  o f  a
change i n  t h e  d i e l e c t r i c  c o n s t a n t  of  th e  medium on some ^J(N-C)
1 . . 2and J(N=C) v a l u e s .  The atomic  v a l u e s  of  th e  i n t e g r a l s  S (0)
and <^r  used  f o r  N and C i n  the  c a l c u l a t i o n  o f  t h e  s i n g l e
1
bond J(N-C) d a t a ,  by the  SCPT and SOS-f ixed i n t e g r a l  methods 
a r e  i n c lu d e d  i n  Tab les  (2 .6 )  and (2 .5 )  r e s p e c t i v e l y .  In  t h e  
case  o f  t r i p l e  bond ^J(N=C) we use v a l u e s  f o r  th e  i n t e g r a l  
p r o d u c t s  s \ ( 0 )  S^^(O) and < r " ' ) ^  < ’^ ' ^ >  c which
a re  d i f f e r e n t  from th o s e  employed i n  the  c a l c u l a t i o n  o f
TABLE 3. 19* Molecules studied by the varies theoretical approaches!!
No. Molecule No. Molecule
1 H2 NCHO
2 CH3 NH2
3 (NH2)2C0
n CH3 CONH2
5 (CHaXzNCHO
6 HaCrCHCHzNiC
,  " ) K "
“ • \
8 CH3CH2 CH2NEC
9 CH3 NHC
10 CH3 CH2NSC
11 (CH3)2CHN=C
12 (CHaiaCNSC
13 CH3CHN
14 CH3 CH2CEN
15 (CH3)2CH'C=N
16 (CH3)3CC=N
17 CH2=CHC=N
18
21
22
23
24
25
19 CH,
N=C
N = C
20 CH , 0 - ( ^ ) - N s C
T r(C=N)=1. l6  A f o r  cyan ides  ;r(N=C)=1.l8  A f o r  i s o c y a n i d e s  , a r e  t a ken  
from "Tables  o f  In te r a to m ic  D i s t a n c e s " , Chemical S oc . (London) , S p e c i a l  
r e p l i c a t i o n s , N o . 11(1958).
^J(N-C) s i n c e  t h e  i n t e g r a l s  depend on the  type o f  bonding  
be tween th e  coupled  n u c l e i .  The i n t e g r a l  p r o d u c t s  used  a r e  
o b t a i n e d  from a r e g r e s s i o n  of  th e  e x p e r im e n ta l  v a l u e s  of  
^J(N=C) i n  some of  t h e  i s o l a t e d  n i t r o g e n  compounds g iv e n  i n  
Tab le  (3 .19  ) , on the  b a s i s  of  th e  c o n t a c t  and th e  t o t a l  o f  th e  
o r b i t a l  and d i p o l a r  c o n t r i b u t i o n s  to  th e  c o u p l in g .  Th i s  p r o ­
cedure  i s  e x p l a in e d  i n  more d e t a i l  i n  c h a p t e r  4. Due to  th e  
absence  of  many s i g n  d e t e r m i n a t i o n s  f o r  ^J(N=C) i n  i s o c y a n i d e s ,  
two s e t s  o f  v a l u e s  f o r  th e  i n t e g r a l  p r o d u c t s ,  o b t a in e d  from two
r e g r e s s io n  tr e a tm e n ts ,  are u se d .  The f i r s t  trea tm en t  i s  based
. 1 .on a c o n s id e r a t io n  t h a t  the  unknown s ig n s  f o r  J(N=C) in
i s o c y a n i d e s  a r e  n e g a t i v e ,  whereas  the  second one i s  b a sed  on
a p r o p o sa l  o f  p o s i t i v e  s ig n s  fo r  t h e s e  c o u p l in g s .  T h is  i s
2 2discussed ,  i n  c h a p t e r  4.  The f i r s t  s e t  o f  S j^(0) S ^,(0) and
^ r  ^ ^  ^ ^ r  ^ v a l u e s  a r e  r e s p e c t i v e l y :
_6 _6 -6
10 .3782 au and 17.7459 au f o r  the  SCPT method, 13.9571 au
-6
and 39 .6 0 3 3  au f o r  th e  SOS method. The second s e t  are  r e s p e c -
_6 _6 
t i v e l y :  16.2707 au and 13.6725 au fo r  th e  SCPT method,
■ _6  _6
19.1589 au and 28 .1365  au f o r  the SOS method. The f i r s t  s e t ,
]
i n  g e n e r a l  p r e d i c t s  n e g a t i v e  v a l u e s  f o r  J(N=C)^^^^^ due to
dominant ,  n e g a t i v e ,  n o n c o n ta c t  te rm s .  The second s e t  p r e d i c t s
p o s i t i v e  ^J(N=C) v a lu e s  i n  i s o c y a n i d e s , b eca use  the  dominant
C .te rm i n  t h i s  case  i s  J  which has  a p o s i t i v e  s i g n ,  and i n  gen­
e r a l  p r e d i c t s  n e g a t i v e  v a l u e s  f o r  ^J(N=C) i n  cyan ides  due to  
dominant  n e g a t i v e  n o n c o n ta c t  t e r m s .
The c a l c u l a t e d  d a t a  f o r  t h e  s i n g l e  bond ^J(N-C) r e s u l t s  as 
w e l l  as  t h e  c o n t r i b u t i n g  terms a r e  p r e s e n t e d ,  as f u n c t i o n s  
o f  t h e  d i e l e c t r i c  c o n s t a n t  o f  the  medium, e,  in  Tab les  (3 .19 )  
t o  ( 3 . 2 9 ) .  A l l  approaches  p r e d i c t  the  same t r e n d  f o r  ^J(N-C) 
as e changes .  These d a t a  r e v e a l  t h a t  th e  co u p l in g  d e c r e a s e s  
a l g e b r a i c a l l y  upon i n c r e a s i n g  e ,  and i n  g e n e r a l  t h e  change 
i n  c o u p l in g  i s  dominated by th e  a l g e b r a i c  d e c re a s e  o c c u r i n g  
i n  t h e  c o n t a c t  c o n t r i b u t i o n .  The co r r e s p o n d in g  changes  i n  t h e  
o r b i t a l  and d i p o l a r  terms a r e  r e l a t i v e l y  s m a l l ,  t h e s e  changes 
can be e i t h e r  p o s i t i v e  ( a l g e b r a i c  i n c r e a s e )  o r  n e g a t i v e  
( a l g e b r a i c  d e c r e a s e ) .  Only ^J(N-C) f o r  CH^NH2 shows an i n c ­
r e a s e  upon i n c r e a s i n g  e , where th e  change i n  a l l  o f  t h e  c o n t r i ­
b u t i n g  terms i s  p o s i t i v e  ( a l g e b r a i c  i n c r e a s e ) .  The f i r s t  s e t  
o f  d a t a  r e l a t e d  to  t h e  ^J(NhC) s o l v e n t  dependence a r e  p r e s e n t e d  
i n  Tab les  (3 .26 )  to  ( 3 . 3 3 ) ,  These r e v e a l  t h a t  a l l  o f  t h e  ^J(N=*C)
c o n s i d e r e d ,  d e c r e a s e  upon an i n c r e a s e  i n  e.  The s o l v e n t  i h -
Cduced change (AJ) i s  c o n t r o l l e d  by the  change i n  J  where t h e  
change i n  th e  co r r e s p o n d in g  n o n c o n ta c t  c o n t r i b u t i o n s  a r e  s m a l l e r  
and can be  e i t h e r  an i n c r e a s e  or  d e c r e a s e  when e i n c r e a s e s .
The second s e t  o f  ^J(N=C) s o l v e n t  e f f e c t  d a t a  a r e  r e p r e s e n t e d  
by Tab les  (3 .34 )  to  ( 3 . 4 1 ) .  These e x h i b i t  a t r e n d  f o r  ^J(NsC) 
s i m i l a r  to  t h a t  which i s  seen  f o r  th e  f i r s t  s e t  o f  d a t a  as e 
changes .  The new s e t  s u g g e s t s  t h a t  ^J(NsC) i s  more s o l v e n t  
dependen t  tha n  im p l ie d  by the  f i r s t  s e t  o f  d a t a .
The c a l c u l a t e d  d a t a  f o r  ^J(N-C) and ^J(N=C) as f u n c t i o n s  of  e ,  
i n d i c a t e  t h a t  ^J(N=C) i s  more s e n s i t i v e  to  s o l v e n t s  tha n  ^J(N-C)
TABLE 3.19. The dielectric constant dependences of the calculated
i j (N-C) for molecule ( 2 ) .  CH3 NHg .
€ Method^  Jc Jo Jd Jtot
1 . 0 a -13 .0536 0 .8740 - 0 . 2 9 0 2 -12 .4 6 9 8
b -1 0 .6 1 8 8 0 .6112 -0 .2 3 8 5 -10 .2461
c -5 .9241 0.4067 -0 .1 5 8 7 -5 .6761
2 .0 a -1 2 .9 7 9 2 0 .8757 -0 .2 8 9 6 - 1 2 . 3 9 3 1
b -10 .5 4 2 4 0 .6120 -0 .2 3 8 4 -1 0 .1 6 8 7
c -5 .8 7 5 8 0 . 4 0 7 0 -0 .1 5 8 5 - 5 .6 2 8 3
4 .0 a -1 2 .9 4 0 2 0 .8770 - 0 .2 8 9 2 -12 .3 5 2 4
b -1 0 .5 0 0 0 0.6127 - 0 .2 3 8 2 -10 .1 2 5 5
c -5 .8 5 0 6 0.4073 -0 .1584 - 5 .6 0 1 7
6 .0 a -12 .9271 0.8774 -0 .2891 -1 2 .3 3 8 8
b , -1 0 .4 8 5 3 0 .6129 -0 .2 3 8 2 -1 0 .1 1 0 6
c - 5 .8 4 1 6 0 . 4 0 7 4 -0 .1 5 8 3 - 5 .5 9 2 5
8 . 0 a -1 2 .9 2 0 4 0.8776 -0 .2891 - 1 2 . 3 3 1 9
b -10 .4 7 7 8 0 , 6 1 3 0 - 0 .2 3 8 2 - 1 0 . 1 0 3 0
c - 5 .8 3 7 0 0.4074 -0 .1 5 8 3 - 5 .5 8 7 8
10 .0 a -12 .9 1 6 4 0.8777 -0 .2 8 9 0 - 1 2 . 3 2 7 7
b -1 0 .4 7 3 3 O.6 I 31 -0 .2 3 8 2 -1 0 .0 9 8 3
c - 5 .8 3 4 2 0 . 4 0 7 4 -0 .1 5 8 3 - 5 .5 8 5 0
20 .0 a -12 .9 0 8 4 0 .8780 - 0 .2 8 8 9 - 1 2 . 3 1 9 3
-10 .4641 O.6 I 3 2 - 0 .2 3 8 2 -1 0 .0 8 9 0
c - 5 .8 2 8 5 0.4075 -0 .1 5 8 3 - 5 .5 7 9 3
30 .0 a -12 .9057 0.8781 - 0 .2 8 8 9 -1 2 .3 1 6 5
b -1 0 .4 6 1 0 O.6 I 33 -0 ,2381 - 1 0 .0 8 5 9
c - 5 .8 2 6 6 0 .4075 - 0 .1 5 3 8 - 5 .5 7 7 3
40 .0 a -1 2 .9 0 4 4 0.8782 - 0 .2 8 8 9 - 1 2 . 3 1 5 1
b -1 0 .4 5 4 9 0.6133 -0 .2381 - 1 0 .0 8 4 3
c - 5 .8 2 5 6 0.4075 - 0 .1 5 8 2 - 5 .5 7 6 4
80 .0 a -1 2 .9 0 2 3 0.8783 -0 .2 8 8 9 - 1 2 . 3 1 2 9
b -10 .4571 O.6 I 33 -0 .2381 - 1 0 .0 8 1 9
c -5 .8 2 4 2 0.4076 -0 .1 5 8 2 - 5 . 5 7 4 9
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.20. The dielectric constant dependences of the calculated
■‘j(N-C) for molecule (3), (NH2)2C0 .
€ Method Jc Jo Jd J t o t
1.0 a -17 .4 3 1 7 1.6201 0.0812 - 1 5 .7 3 0 4
b - 1 6 .8 1 0 2 1 . 3 1 2 2 0.0057 - 1 5 .4 9 2 2
c -10 .6134 0.97$4 0.0043 -9 .6 3 3 8
2 .0 a -1 7 .7 8 6 6 1.6627 0.0630 - 1 6 .0 6 0 9
b -16 .9 4 6 4 1.3353 - 0 .0 0 1 2 -1 5 .6 1 2 2
c -1 0 .7 4 6 3 0.9965 -0 .0 0 0 9 - 9 .7 5 0 8
4 .0 a -1 7 .9 6 7 7 1.6854 0.0544 -1 6 .2 2 7 9
b -1 7 .0 0 8 2 1.3476 -0 .0 0 4 8 - 1 5 .6 6 5 3
c -10 .8097 1.0077 -0 .0 0 3 6 - 9 .8 0 5 5
6 .0 a -1 8 .0 2 9 4 1.6933 0.0515 - 1 6 .2 8 4 6
b -17 .0281 1.3519 -0 .0 0 6 0 - 1 5 .6 8 2 2
c - 1 0 .8 3 0 6 1.0116 -0 .0 0 4 5 - 9 .8 2 3 4
8 .0 a - 1 8 .0 6 0 5 1.6972 0.0501 - 1 6 .3 1 3 2
b -17 .0381 1.3541 - 0 .0 0 6 6 - 1 5 .6 9 0 6
c -1 0 .8 4 1 0 1.0136 - 0 .0 0 5 0 - 9 .8 3 2 4
10.0 a - 1 8 .0 7 9 2 1.6996 0.0493 -1 6 .3 3 0 3
b -1 7 .0 4 4 0 1.3554 - 0 .0 0 7 0 - 1 5 .6 9 5 7
c - 1 0 .8 4 7 3 1.0148 -0 .0 0 5 2 - 9 .8 3 7 8
20 .0 a -1 8 .1 1 6 8 1.7045 0.0476 - 1 6 .3 6 4 7
b - 17 .0559 1.3580 -0 .0 0 7 7 -1 5 .7 0 5 6
c -1 0 .8 5 9 8 1.0171 -0 .0 0 5 8 - 9 .8 4 8 5
30 .0 a -18 .1294 1.7061 0.0471 -1 6 .3 7 6 2
b - 1 7 .0 5 9 8 1.3589 -0 .0 0 8 0 -1 5 .7 0 8 9
c -1 0 .8 6 4 0 1.0179 - 0 .0 0 6 0 -9 .8 5 2 0
40 .0 a -1 8 .1 3 5 7 1.7069 0.0468 - 1 6 .3 8 2 0
b -17 .0617 1.3593 -0 .0081 -1 5 .7 1 0 5
c -10 .8661 1.0183 -0 .0061 -9 .8 5 3 8
80 .0 a -18 .1451 1.7081 0.0464 -1 6 .3 9 0 6
b -17 .0 6 4 7 1.3600 -0 .0 0 8 3 - 1 5 .7 1 3 0
c -1 0 .8 6 9 2 1.0190 - 0 .0 0 6 2 - 9 .8 5 6 5
j- a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.21. The dielectric constant dependences of the calculated
i j (N-C) f o r  m olecu le ( 5 ) ,  (CHZ a^gNCHO .
€ Method1^  Jc Jo Jd J t o t
1 .0 a - 1 4 .6 9 7 3 2.1988 0.5881 -11 .9104
b -1 3 .7 8 7 7 1 . 5 2 1 0 - 0 . 0 1 1 7 -12 .2 7 8 5
c - 8 .5 8 5 7 1.1162 -0 .0 0 8 6 - 7 .4 7 8 0
2 . 0 a - 1 4 .9 1 0 7 2 . 2 3 6 7 • O.5 3 O8 -1 2 .1 4 3 2
b - 13 .8389 1.5421 -0 .0 1 4 9 - 1 2 . 3 1 1 7
c - 8 .6 5 7 3 1.1364 -0 .0 1 1 0 -7 .5 3 1 8
4 .0 a -1 5 .0 3 2 9 2.2590 0.5021 -1 2 .2 7 1 8
b . - 1 3 .8 6 9 7 1 . 5 5 4 4 -0 .0 1 6 7 - 1 2 . 3 3 2 0
c - 8 .6 9 9 3 1.1482 -0 .0 1 2 4 - 7 .5 6 3 5
6 .0 a -15 .0741 2.2667 0.4926 -1 2 .3 1 4 8
b -1 3 .8 7 9 7 1.5586 - 0 . 0 1 7 4 -1 2 .3 3 8 4
c - 8 . 7 1 3 4 1.1523 -0 .0 1 2 8 - 7 .5 7 4 0
8 .0 a - 1 5 .0 9 5 0 2.2706 0.4878 -1 2 .3 3 6 6
b -1 3 .8 8 4 7 1.5608 -0 .0 1 7 7 -1 2 .3 4 1 5
c - 8 . 7 2 0 5 1 . 1 5 4 3 - 0 . 0 1 3 1 - 7 .5 7 9 3
10.0  . a - 1 5 . 1 0 7 5 2 . 2 7 3 0 0.4850 - 1 2 . 3 4 9 5
b -1 3 .8 8 7 6 1.5621 -0 .0 1 7 9 - 1 2 . 3 4 3 4
c -8 .7 2 4 7 1.1556 - 0 . 0 1 3 2 - 7 .5 8 2 4
2 0 .0 a - 1 5 . 1 3 3 2 2.2777 0 . 4 7 9 3 - 1 2 . 3 7 0 5
b -1 3 .8 9 3 5 1.5647 -0 .0 1 8 3 - 1 2 . 3 4 7 0
. c - 8 .7 3 3 3 1.1581 - 0 . 0 1 3 5 - 7 .5 8 8 7
30 .0 a -1 5 .1 4 1 6 2.2793 0 . 4 7 7 4 -1 2 .3 8 4 9
b -13 .8 9 5 4 1.5656 - 0 .0 1 8 4 -1 2 .3 4 8 2
c -8 .7 3 6 1 1.1589 - 0 . 0 1 3 6 - 7 .5 9 0 8
40 .0 a -15 .1 4 5 9 2.2801 0 . 4 7 6 5 -1 2 .3 8 9 3
b - 13 .8964 1.5660 -0 .0 1 8 5 -1 2 .3 4 8 8
c - 8 .7 3 7 5 1 . 1 5 9 4 - 0 . 0 1 3 7 - 7 .5 9 1 8
80 .0 a - 1 5 .1 5 2 2 2.2814 0 . 4 7 5 1 - 1 2 .3 9 5 7
b -1 3 .8 9 7 8 1.5667 -0 .0 1 8 6 - 1 2 . 3 4 9 7
c -8 .7 3 9 6 1.1600 -0 .0 1 3 7 - 7 . 5 9 3 4
j- a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.22. The dielectric constant dependences of the calculated
^J(N-C) for molecule (7), cis 1-Methyl,2-isccyano ethylene,
€ Method ^ Jc Jo Jd J t o t
1 .0 a -16 .9 0 9 5 0.7401 -0 .3 7 3 6 - 1 6 .5 4 3 0
b -14 .1846 0.5397 - 0 .1 4 1 3 -1 3 .7 8 6 2
c -8 .4501 0 .3 8 :0 7 -0 .0 9 9 7 -8 .1691
2 . 0 a -1 7 .1 1 1 0 0 .7356 - 0 .3 8 1 2 -16 .7 5 6 6
b - 1 4 .3 6 0 2 0 .5360 -0 .1 4 2 5 -13 .9 6 6 7
c -8 .5 8 9 9 0.3795 -0 .1 0 0 8 - 8 .3 1 1 3
4 .0 a - 1 7 .2 1 1 2 0.7334 -0 .3 8 5 2 - 0 .3 8 5 2
b -14 .4 5 3 8 0 .5340 - 0 .1 4 3 0 -1 4 .0 6 2 9
c - 8 .6 6 4 0 0 .3787 -0 .1 0 1 4 - 8 .3 8 6 7
6 .0 a -1 7 .2 4 5 5 0.7326 -0 .3 8 6 6 -1 6 .8 9 9 5
b -14 .4 8 6 2 0 .5333 - 0 .1 4 3 2 -14 .0961
c - 8 .6 8 9 8 0 .3785 - 0 .1 0 1 7 - 8 .4 1 2 9
8 .0 a -17 .2 6 2 9 0 .7323 -0 .3 8 7 4 - 1 6 .9 1 8 0
b -1 4 .5 0 2 7 0 .5330 -0 .1 4 3 3 -1 4 .1 1 3 0
c - 8 .7 0 2 9 0.3784 -0 .1 0 1 8 - 8 .4 2 6 2
10 .0 a - 1 7 .2 7 3 5 0.7320 -0 .3 8 7 8 - 1 6 .9 2 9 3
b -14 .5126 0.5328 -0 .1 4 3 4 - 1 4 .1 2 3 2
c - 8 .7 1 0 8 0.3783 -0 .1 0 1 8 - 8 . 4 3 4 3
2 0 .0 a -1 7 .2 9 4 7 0.7316 -0 .3 8 8 7 -1 6 .9 5 1 8
b - 1 4 .5 3 2 6 0.5323 -0 .1 4 3 5 - 1 4 .1 4 3 8
c - 8 .7 2 6 8 0.3782 -0 .1 0 1 9 - 8 .4 5 0 6
30 .0 a - 1 7 .3 0 1 8 0.7314 -0 .3 8 9 0 -1 6 .9 5 9 4
b -14 .5394 0.5322 -0 .1 4 3 6 -1 4 .1 5 0 7
c - 8 .7 3 2 2 0.3781 -0 .1 0 2 0 -8 .4561
40 .0 a -1 7 .3 0 5 4 0 .7314 - 0 .3 8 9 2 -1 6 .9 6 3 2
b - 1 4 .5 4 2 7 0.5321 - 0 .1 4 3 6 - 1 4 .1 5 4 2
c - 8 .7 3 4 9 0.3781 - 0 .1 0 2 0 - 8 .4 5 8 8
80 .0 a -17 .3107 0 .7312 -0 .3 8 9 4 - 1 6 .9 6 8 9
b -14 .5478 0.5320 -0 .1 4 3 6 -1 4 .1 5 9 4
c -8 .7 3 9 0 0 .3780 -0 .1 0 2 0 ' - 8 . 4 6 3 0
t  a , b  and c c o r r e s p o n d  t h e  INDO-SCPT, INDO-SOS f ix e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3.23. The dielectric constant dependences of the calculated
ij(N-C) for molecule (8). CH3CH2CH2N5C .
€ Method+ Jc Jo Jd Jtot
1.0 a - 1 1 . 5 3 4 5 0.5602 -0 .3 3 6 4 - 1 1 . 3 1 0 7
b -5 .2 0 1 2 0.^2827 -0 .2011 -5 .1 1 9 6
c -3 .1 3 8 6 0 . 2 0 1 7 -0 .1435 -3 .0 8 0 4
2.0 a -11 .6870 0.5633 - 0 .3 3 6 0 -11 .4597
b -5 .2 7 9 3 0.2865 -0 .1 9 7 9 -5 .1 9 0 6
c -3 .2 0 2 6 0 . 2 0 5 4 -0 .1 4 1 8 - 3 . 1 3 9 1
4 .0 a -11 .7593 0.5651 -0 .3 3 6 0  , - 1 1 . 5 3 0 2
b - 5 . 3 0 4 9 0.2896 -0 .1 9 6 2 -5 .2 1 1 5
c - 3 . 2 2 7 1 0.2081 -0 .1 4 1 0 -3 .1 6 0 0
6 .0 a -11 .7839 0.5657 -0 .3 3 6 0 -11 .5542
b -5 .3 1 1 6 O.2 9 O8 -0 .1 9 5 6 -5 .2 1 6 4
c - 3 . 2 3 4 3 0 . 2 0 9 1 -0 .1 4 0 7 -3 .1 6 5 9
8.5 a -11 .7962 0.5661 -0 .3 3 6 0 -11 .5661
b -5 .3145 0.2914 -0 .1 9 5 3 -5 .2 1 8 4
c - 3 . 2 3 7 7 0 . 2 0 9 7 -0 .1 4 0 5 -3 .1 6 8 6
10.0 a -11 .8037 0.5663 - 0 .3 3 6 0 - 1 1 . 5 7 3 4
b -5 .3161 0.2918 -0 .1951 - 5 . 2 1 9 4
c - 3 . 2 3 9 7 0.2100 -0 .1 4 0 4 - 3 . 1 7 0 1
20.0 a -11 .8187 0.5667 - 0 .3 3 6 0 -1 1 .5 8 8 0
b - 5 . 3 1 9 0 0.2926 -0 .1 9 4 8 - 5 .2 2 1 2
c - 3 . 2 4 3 4 0 . 2 1 0 7 - 0 .1 4 0 2 - 3 . 1 7 3 0
3 0 . 0 a -11 .8237 0.5668 -0 .3 3 6 0 - 1 1 . 5 9 2 9
b - 5 . 3 1 9 9 0 . 2 9 2 9 -0 .1 9 4 6 - 5 .2 2 1 6
c -3 .2446 0 . 2 1 0 9 -0 .1 4 0 2 - 3 . 1 7 3 9
40.0 a -11 .8262 0.5669 -0 .3 3 6 0 -1 1 .5 9 5 3
b - 5 . 3 2 0 3 0 . 2 9 3 0 -0 .1 9 4 6 - 5 . 2 2 1 9
c -3 .2 4 5 2 0.2110 -0 .1 4 0 2 - 3 . 1 7 4 3
80 .0 a -11 .8299 0.5670 - 0 .3 3 6 0 -11 .5 9 8 9
b - 5 . 3 2 0 9 0 . 2 9 3 2 - 0 . 1 9 4 5 -5 .2 2 2 2
c -3 .2461 0.2112 -0 .1401 - 3 . 1 7 5 0
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.24. The dielectric constant dependences of the calculated
""JCN-O for molecule (11), (CH3)2CHN=C .
€ Method Jc Jo Jd J t o t
1.0 a -11 .8455 0.5086 -0 .3277 -11 .6646
b -5 .3 2 2 4 0.2300 -0 .2107 -5 .3031
c -3 .2 0 9 5 0.3640 -0 .1502 -3 .1 9 5 7
2 .0 a -11 .9715 0.5136 -0 .3 2 6 8 -11 .7847
b -5 .4114 0.2402 -0 .2077 -5 .3 7 8 9
c -3 .2 7 8 3 0.1720 -0 .1487 -3 .2 5 5 0
4 .0 a -12 .0453 0.5167 -0 .3 2 6 2 -11 .8548
b -5 .4599 0.2457 -0 .2061 -5 .4 2 0 4
c -3 .3 1 6 8 0.1763 -0 .1479 -3 .2 8 8 4
6 .0 a -12 .0703 0.5179 -0 .3 2 6 0 -11 .8784
b -5 .4 7 6 3 0.2475 -0 .2 0 5 6 -5 .4 3 4 3
c -3 .3299 0.1778 -0 .1477 -3 .2 9 9 8
8 .0 a -12 .0829 0.5185 -0 .3 2 6 0 -11 .8904
b -5 .4 8 4 5 0.2485 -0 .2 0 5 3 -5 .4 4 1 3
c -3 .3 3 6 6 0.1786 -0 .1475 -3 .3 0 5 5
10.0 a -12 .0905 0.5188 -0 .3 2 5 9 -11 .8976
b -5 .4 8 4 9 0.2491 -0.2051 - 5 .4 4 5 5
c -3 .3406 0.1790 -0 .1474 -3 .3 0 9 0
20.0 a -12 .1058 0.5195 -0 .3 2 5 8 -11 .9121
b -5 .4 9 9 3 0.2502 -0 .2 0 4 8 -5 .4 5 3 9
c -3 .3 4 8 6 0.1799 -0 .1473 -3 .3 1 6 0
30.0 a -12 .1109 0.5798 -0 .3258 -11 .9169
b -5 .5 0 2 6 0.2506 -0 .2 0 4 7 -5 .4 5 6 7
c - 3 .3 5 1 3 0.1803 -0 .1 4 7 2 -3 .3 1 8 3
40.0 a -12 .1135 0.5199 . -0 .3 2 5 7 -11 .9 1 9 3
b -5 .5 0 4 2 0.2508 -0 .2046 -5 .4581
c -3 .3 5 2 6 0.1804 -0 .1 4 7 2 - 3 . 3 1 9 4
80 .0 a -12 .1173 0.5201 -0 .3 2 5 7 - 1 1 . 9 2 2 9
b -5 .5 0 6 7 0.2511 -0 .2 0 4 5 -5 .4 6 0 2
c -3 .3 5 4 7 0.1806 -0 .1 4 7 2 - 3 . 3 2 1 2
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.25. The dielectric constant dependences of the calculated
^J(N-C) for molecule (23), Pyridine.
€ Method^ Jc Jo Jd J t o t
1.0 a -1 .9 8 0 7 5.4416 -1 .7 3 9 9 1.7210
b 0.9856 3 . 0 5 0 7 - 0 . 1 3 7 5 3.8988
c 0 . 5 5 0 9 2 : 0 3 3 4 -0 .0 9 1 6 2 . 4 9 2 7 .
2 .0 a -2 .1409 5.4115 - 1 .7 2 1 2 1 . 5 4 9 4
b 0 . 7 5 0 3 3.0388 -0 .1 3 6 5 3.6526
c 0.4191 2.0241 - 0 . 0 9 0 9 2 . 3 5 2 3
4 .0 a - 2 . 2 3 3 0 5.3946 - 1 . 7 1 0 3 1 . 4 5 1 3
b 0.6189 3.0324 - 0 .1 3 6 0 3.5152
c 0 . 3 4 5 5 2.0189 -O.O9 O6 2.2738
6 .0 a -2 .2 6 4 8 5.3886 -1 .7 0 6 4 1.4174
b 0.5735 3 . 0 3 0 1 - 0 . 1 3 5 9 3.4678
c 0 . 3 2 0 1 2 . 0 1 7 0 -0 .0 9 0 4 2.2467
8 .0 a -2 .2 8 0 8 5.3856 -1 .7 0 4 4 1.4004
b 0.5505 3 . 0 2 9 0 - 0 .1 3 5 8 3 . 4 4 3 7
c 0 . 3 0 7 2 2.0161 -0 .0904 2 . 2 3 2 9
10.0 a - 2 . 2 9 0 1 5.3838 - 1 . 7 0 3 2 1 . 3 9 0 5
b 0.5369 3.0283 - 0 . 1 3 5 7 3.4295
c 0 . 2 9 9 6 2.0155 - 0 . 0 9 0 3 2.2248
20 .0 a - 2 . 3 0 9 6 5.3802 -1 .7 0 0 8 1.3698
b 0.5089 3.0269 -0 .1 3 5 6 3.4002
c 0.2839 2.0144 - 0 . 0 9 0 3 2.2081
3 0 . 0 a - 2 .3 1 6 2 5 . 3 7 9 0 - 1 . 7 0 0 0 1.3628
b 0 . 4 9 9 5 3.0265 -0 .1 3 5 6 3.3904
c 0.2787 2.0140 - 0 . 0 9 0 2 2.2025
40.0 a - 2 . 3 1 9 5 5.3783 -1 .6 9 9 6 1 . 3 5 9 2
b 0.4948 3.0262 -0 .1 3 5 6 3.3854
c 0.2760 2.0138 - 0 . 0 9 0 2 2.1996
80.0 a -2 .3 2 4 5 5 . 3 7 7 4 - 1 .6 9 9 0 1 . 3 5 3 9
b 0.4877 3 . 0 2 5 9 - 0 . 1 3 5 5 3 .3780
c 0.2721 2 . 0 1 3 5 - 0 . 0 9 0 2 2 . 1 9 5 4
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.26. The dielectric constant dependence of the calculated
■‘j(N=0 for molecule (6), H2C=CHCH2N=C .
e Method  ^ Jc Jo Jd Jtot
1.0 a 14.6143 -8 .5 6 8 2 -12.7339 -6 .6 8 7 8
b 16.5262 -5 .0 1 6 8 -16 .8877 -5.3783
c 14.5763 - 4 .6 3 3 2 -15 .5985 -5 .6 5 5 4
2.0 a 14.1041 -8 .5 0 4 9 -12.7468 - 7 .1 4 7 6
b 15.8749 -4 .7 7 4 8 -16 .8597 - 5 .7 5 9 6
c 13.9598 - 4 .3 9 8 0 -15 .9644 - 6 .4 0 2 6
4.0 a 13.8215 - 8 . 4 7 9 3 -12 .7617 - 7 .4 1 9 5
b 15.5201. -4 .6 6 1 6 -16.8496 - 5 . 9 9 1 1
c 13.6262 -4 .2 8 8 5 -15 .4987 - 6 .1 6 1 0  .
6.0 a 13.7241 - 8 . 4 7 1 1 -12 .7671 -7 .5141
b 15.3983 -4 .6 2 5 8 -16 .8473 -6 .0 7 4 8
c 13.5101 -4 .2531 -15 .4890 - 6 . 2 3 2 0
8.0 a 13.6747 -8 .4671 - 1 2 . 7 7 0 1 -7 .5 6 2 5
b 15.3367 -4 .6 0 9 0 -16 .8451 - 6 .1 1 7 4
c 13.4519 - 4 . 2 3 5 4 -15 .4826 - 6 . 2 6 6 1
10.0 a 13.6450 -8 .4 6 4 4 -12 .7718 - 7 . 5 9 1 2
b 15.2995 -4 .5978 -1 6 .8 4 4 0 - 6 .1 4 2 3
c 13.4169 -4 .2 2 5 7 - 1 5 . 4 7 9 3 -6 .2881
20.0 a 13.5849 -8.4569 -12 .7755 -7 .6 4 7 5
b 15.2247 -4 .5 7 7 6 -16 .8429 -6 .1 9 5 8
c 13.3466 -4 .2 0 4 8 - 1 5 . 4 7 2 9 - 6 . 3 3 1 1
30.0 a 13.5648 -8 .4579 -12 .7765 - 7 .6 6 9 6
b 15.1996 -4 .5 6 9 8 -16 .8417 - 6 . 2 1 1 9
c 1 3 . 3 2 2 9 -4 .1984 - 1 5 . 4 7 1 3 - 6 .3 4 6 8
40.0 a 1 3 . 5 5 4 7 -8 .4569 -12 .7772 - 7 . 6 7 9 4
b 15.1871 -4 .5 6 6 4 -16 .8418 -6 .2211
c 1 3 . 3 1 1 1 -4 .1951 -15 .4697 - 6 .3 5 3 7
80.0 a 1 3 . 5 3 9 5 - 8 . 4 5 5 9 -12.7782 - 7 .6 9 4 6
b 15.1682 -4 .5 6 1 9 -16 .8 4 1 8 - 6 . 2 3 5 5
c 1 3 . 2 9 3 5 - 4 . 1 9 0 3 -15.4681 -6 .3 6 4 9
t  a. b and c correspond the INDO--SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.27. The dielectric constant dependence of the calculated
lj(N=C) for molecule (9), CHgNSC.
€ Method^ Jc Jo Jd J t o t
1.0 a 14.8167 -8 .4292 -12 .5834 -6 .1959
b 1 9 . 7 9 5 1 -6 .0 2 4 0 - 1 9 . 3 3 2 2 -5 .5611
c 17.5372 -5 .5849 ^17.9256 -5 .9 7 3 3
2.0 a 14.3410 -8 .3 8 4 9 -12 .6068 -6 .6 5 0 7
b 1 9 . 3 0 7 1 -5 .8761 - 1 9 . 3 1 2 1 -5 .8811
c 17.0556 - 5 . 4 3 5 2 -17 .8628 -6 .2424
4.0 a 14.0740 - 8 . 3 7 0 7 -12 .6277 -6 .9 2 4 4
b 1 9 . 0 3 0 9 -5 .7 9 8 8 - 1 9 . 3 0 7 6 - 6 . 0 7 5 5
c 16.7847 -5 .3 5 6 3 - 1 7 .8 3 2 2 -6 .4 0 3 8
6.0 a 13.9819 -8 .3 6 6 0 -12 .6355 - 7 . 0 1 9 5
b 18.9353 - 5 . 7 7 1 9 - 1 9 . 3 0 5 3 -6 .1 4 1 9
c 16.6911 -5 .3 2 8 9 -17 .8225 -6 .4 6 0 3
8.0 a 1 3 . 9 3 5 3 -8 .3636 -12 .6392 -7 .0 6 7 5
b 18.8868 -5 .7 5 8 4 -19 .3042 -6 .1 7 5 8
c 16.6436 -5 .3 1 4 4 -17 .8177 -6 .4 8 8 5
10.0 a 1 3 . 9 0 7 0 -8 .3 6 2 2 -12 .6416 - 7 . 0 9 6 8
b 18.8575 -5 .7506 -19 .3 0 4 2 - 6 . 1 9 7 3
c 16.6150 - 5 .3 0 6 3 -17 .8145 -6 .5 0 5 8
20.0 a 13.8502 - 8 . 3 5 9 5 -12 .6467 -7 .1 5 6 0
b 18.7983 -5 .7 3 3 8 - 1 9 . 3 0 3 1 -6 .2 3 8 6
c 16.5570 -5 .2 8 8 6 -16 .1 0 4 2 -4 .8 3 5 8
3 0 . 0 a 13.8311 -8 .3589 -12 .6480 -7 .1 7 5 8
. b 18.7785 -5 .7 2 8 2 - 1 9 . 3 0 3 1 -6 .2 5 2 8
c 16.5375 -5 .2 8 3 8 -1 7 .8 0 4 8 -6 .5511
40.0 a 13.8216 -8 .3 5 8 5 -12 .6490 - 7 .1 8 5 9
b 18.7685 -5 .7 2 4 8 - 1 9 . 3 0 3 1 -6 .2 5 9 4
c 16.5278 - 5 .2 8 0 6 -17 .8048 -6 .5 5 7 6
80.0 a 13.8072 -8 .3 5 7 8 -12 .6504 - 7 . 2 0 1 0
b 18.7535 - 5 . 7 2 0 3 - 1 9 . 3 0 3 1 -6 .2 6 9 9
c 16.5131 -5 .2 7 5 7 - 17 .8032 - 6 .5 6 5 8
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.28. The dielectric constant dependence of the calculated
^J(N=C) fo r m o le c u le  (12) , (CH3)3CNEC •
€ Method^ Jc Jo Jd J t o t
1.0 a 14.0548 -8 .6 6 7 0 -13 .0096 -7 .6 2 1 8
b 14.6684 - 2 .7 1 9 0 -16 .2289 -4 .2 7 9 5
c 12.8101 -2 .4 8 9 7 -14 .8577 -4 .5 3 7 3
2.0 a 13.4780 -8 .5 6 8 5 -13 .0041 -8 .0 9 4 6
b 14.0432 -2 .6 5 7 4 -16 .2099 -4 .8241
c 12.2224 - 2 .4 2 5 3 -14 .7965 - 4 . 9 9 9 4
4.0 a 13.1586 -8 .5 2 5 6 -13 .0109 - 8 . 3 7 7 9
b 13.6924 -2 .5 7 7 9 -16 .2021 -5 .0 8 7 6
c 11.8945 -2 .3 4 8 0 -14 .7643 - 5 .2 1 7 8
6.0 a 13.0487 -8 .5 1 1 4 -13 .1364 - 8 . 5 9 9 1
b 13.5714 -2 .3 4 2 6 -16 .1897 - 4 .9 6 0 9
c 11.7814 -2 .1 3 0 6 -14 .7450 - 5 . 0 9 4 2
8.0 a 12.9931 -8 .5 0 4 3 -13 .0150 - 8 .5 2 6 2
b 13.5100 -2 .3 2 2 4 -16 .1875 - 4 . 9 9 9 9
c 11.7243 -2 .1 1 4 5 -14 .7386 -5 .1 2 8 8
10.0 a 12.9595 -8 .5 0 0 2 -13 .0160 -8 .5 5 6 7
b 13.4729 -2 .3101 -16 .1875 -5 .0 2 4 7
c 11.6897 -2 .1 0 3 2 -14 .7353 -5 .1 4 8 8
20.0 a 12.8919 -8 .4918 -13 .0180 -8 .6 1 7 9
b 13.3982 -2 .4905 -16 .1942 -5 .2 8 6 5
c 11.6199 -2 .2 6 5 9 -14 .7369 -5 .3 8 2 9
3 0 . 0 a 12.8693 -8 .4887 -13 .0187 -8 .6381
b 13.3731 -2 .4 8 3 7 - 16 .1942 -5 .3 0 4 8
c 11.5967 -2 .2594 -14 .7353 -5 .3 9 8 0
40.0 a 12.8579 -8 .4874 - 1 3 . 0 1 9 0 -8 .6 4 8 5
b 13.3605 -2 .4 8 0 4 -16 .1942 -5 .3141
c 11.5849 -2 .2 5 6 2 -14 .7337 -5 .4 0 5 0
80.0 a 12.8408 -8 .4853 - 1 3 . 0 1 9 4 -8 .6639
b 13.3416 -2 .4759 -16 .1931 - 5 . 3 2 7 4
c 11.5673 -2 .2530 -14.7321 -5 .4178
ta,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.29. The dielectric constant dependence of the calculated
ij(N=C) for molecule (13), CH3CHN.
€ Method^ Jc Jo Jd J t o t
1.0 a 2.3159 - 9 . 3 3 3 9 -15 .0212 - 2 2 . 0 3 9 2
b 3.5955 -3 .9 9 7 3 -20 .6788 -2 1 .0 8 0 6
c 3 . 3 0 0 1 -3 .8231 -19 .7776 - 2 0 . 3 0 0 6
2 . 0 a 1.9536 -9 .1 8 4 8 -14 .8660 - 2 2 . 0 9 7 2
b 3 . 0 9 9 1 -3.8561 - 2 0 . 5 4 4 4 - 2 1 . 3 0 1 4
c 2.8421 - 3 . 6 8 6 2 -19 .6 3 4 2 -2 0 .4 7 8 3
4.0 a 1 . 7 7 2 1 -9 .1 0 5 3 -14 .7838 - 2 2 .1 1 7 0
b 2.8475 -3 .7 8 6 7 - 2 0 . 4 7 2 7 -2 1 .4 1 1 9
c 2.6102 -3 .6 1 7 0 -19 .5585 - 2 0 .5 6 5 3
6.0 a 1 . 7 0 9 4 - 9 . 0 7 7 2 -14.7551 - 2 2 . 1 2 2 9
b 2.7604 -3 .7 6 2 0 -20 .4481 - 2 1 . 4 4 9 7
c 2.5299 - 3 .5 9 2 8 -19 .5 3 2 8 - 2 0 .5 9 5 7
8 .0 a 1.6776 -9 .0 6 3 3 -14 .7405 - 2 2 .1 2 6 2
b 2.7162 - 3 . 7 4 9 7 - 2 0 . 4 3 5 7 - 2 1 .4 6 9 2
c 2.4892 -3 .5816 -19 .5183 -2 0 .6 1 0 7
10.0 a 1.6584 -9 .0 5 4 6 -14 .7317 - 2 2 .1 2 7 9
b 2.6895 - 3 . 7 4 1 9 -20 .4279 - 2 1 .4 8 0 3
c 2.4647 - 3 . 5 7 3 5 - 1 9 . 5 1 0 2 -2 0 .6 1 9 0
20.0 a 1.6197 - 9 . 0 3 7 3 -14 .7142 -2 2 .1 3 1 8
b 2.6355 -3 .7 2 6 2 -20 .4122 - 2 1 . 5 0 2 9
c 2.4150 - 3 . 5 5 9 0 - 1 9 . 4 9 4 1 -20 .6381
3 0 . 0 a 1.6067 - 9 . 0 3 1 6 -14 .7081 - 2 2 . 1 3 3 0
• . b 2.6174 - 3 . 7 2 1 7 -20 .4066 - 2 1 . 5 1 0 9
c 2.3982 - 3 .5 5 4 2 -19 .4893 - 2 0 .6 4 5 3
40.0 a 1 .6001 -9 .0 2 8 5 -14 .7050 - 2 2 . 1 3 3 4
b 2.6083 -3 .7183 -20 .4044 -2 1 .5 1 4 4
c 2 . 3 9 0 0 - 3 . 5 5 1 0 -19 .4861 -20 .6471
80.0 a 1 . 5 9 0 3 -9.0241 -14 .7006 - 2 2 . 1 3 4 4
b 2 . 5 9 4 7 - 3 . 7 1 5 0 -20 .4010 - 2 1 . 5 2 1 3
c 2 . 3 7 7 3 - 3 . 5 4 7 7 -19 .4 8 1 2 -2 0 .6 5 1 6
j- a , b  and c correspond1 th e  INDO--SCPT.INDO-■SOS f i x e d  i n t e g r a l .
INDO-SOS varied integral calculations respectively.
TABLE 3. 30. The d i e l e c t r i c  c o n s t a n t  dependence o f  th e  c a l c u l a t e d
ij(N=C) fo r molecule  ( 1 6 ) , (CHatgCC=N.
€ Method^ Jc Jo Jd J t o t
1.0 a 3.4356 -9 .2 9 7 7 4.8697 -20 .7318
b -1 .4 9 8 3 -2 .3975 - 6.9773 -20.8731
c -1 .3 6 6 2 -2 .2 8 0 3 - 6.1445 - 1 9 . 7 9 1 0
2.0 a 2.9982 - 9 .1 0 6 3 4.6810 -20.7891
b -1 .9547 -2 .4 3 8 9 - 6,8675 -21 .2611
c -1 .7808 -2 .3 1 7 4 - 6.0269 -20.1251
4.0 a 2.7834 -9 .0 0 7 9 — 4.5833 -20 .8078
b -2 .1 7 9 5 -2.4468 - 6.8048 - 2 1 . 4 3 1 1
c -1 .9846 -2 .3 2 3 8 - 5.9609 -20 .2693
6.0 a 2.7095 -8 .9 7 3 7 _ 4 . 5 4 9 4 -20 .8136
b -2 .2564 -2 .4367 - 6.7835 - 2 1 . 4 7 6 6
c -2 .0544 -2 .3 1 4 2 - 5.9383 -20 .3069
8.0 a 2.6722 -8 .9561 4 . 5 3 2 2 -20 .8161
b -2 .2951 -2 .4 3 2 2 - 6 . 7 7 3 4 - 2 1 . 5 0 0 7
c -2 .0895 -2 .3 0 9 3 - 5 . 9 2 7 0 -20 .3258
10.0 a 2.6496 -8 .9456 _ 4.5217 -20 .8177
b -2 .3 1 8 5 -2 .5 6 4 4 - 6.7701 -21 .6530
c -2 .1108 - 2 . 4 3 4 9 - 5.9238 -20 .4695
20.0 a 2.6041 -8 .9 2 4 3 _ 4 . 5 0 0 7 -20 .8209
b -2 .3656 -2 .3751 - 6 . 7 4 7 7 -21 .4884
c -2 .1 5 3 3 -2 .2546 - 5 . 9 0 1 2 - 2 0 . 3 0 9 1
30.0 a 2.5889 - 8 . 9 1 7 2 _ 4 . 4 9 4 0 -20 .8223
• b -2 .3814 -2 .3 8 5 2 - 6 . 7 4 4 3 - 2 1 . 5 1 0 9
c -2 .1676 -2 .2 6 4 2 - 5.8981 - 2 0 . 3 2 9 9
40.0 a 2.5812 - 8 . 9 1 3 5 _ 4 . 4 9 0 3 -20 .8226
b -2 .3 8 9 3 -2 .3 8 4 0 — 6.7421 -21 .5154
c -2 .1 7 4 9 -2 .2 6 4 2 - 5.8948 - 2 0 . 3 3 3 9
80.0 a 2.5697 -8.9081 _ 4.4852 -20 .8236
b -2 .4 0 1 2 -2 .3 8 1 8 - 6.7387 -21 .5 2 1 7
c -2 .1856 -2 .2 6 1 0 - 5.8916 -20 .3382
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.31. The dielectric constant dependence of the calculated
lj(N=C) for molecule (17), CH2=CHC=N.
€ Method^ Jc Jo Jd J t o t
1.0 a 2.0795 -9 .1871 -15 .1836 - 2 2 . 2 9 1 2
b 0.2262 -6 .3 2 6 4 -19.5261 -25 .6263
c 0.2356 -6 .0 6 3 2 - 1 8 . 7 1 3 2 -24 .5408
2.0 a 1.7388 -9 .0 5 1 2 -15 .0236 -2 2 .3 3 6 0
b - 0 . 2 0 2 9 -6 .3 0 4 0 -19 .4207 -25 .9276
c -0 .1 8 6 5 - 6 . 0 3 7 5 -18 .5987 -24 .8 2 2 7
4.0 a 1.5676 -8 .9781 -14.9381 -22 .3486
b -0 .4408 -6 .2951 -19 .3636 -26 .0 9 9 5
c -0 .4049 -6 .0 2 6 2 -18 .5375 " -2 4 .9 6 8 6
6.0 a 1.5083 -8 .9 5 2 4 -14 .9080 -22 .3521
b -0 .5237 - 6 . 2 9 1 7 - 1 9 . 3 4 3 4 -26 .1 5 8 8
c -0 .4811 -6 .0 2 1 4 -18 .5150 -25 .0 1 7 5
8.0 a 1.4782 - 8 . 9 3 9 2 -14 .8927 -22 .3537
b - 0 .5 6 6 0 -6 .2 8 9 5 - 1 9 . 3 3 3 4 -26 .1889
c - 0 . 5 1 9 9 - 6 . 0 1 9 7 -18 .5037 -2 5 .0 4 3 3
10.0 a 1.4601 -8 .9 3 1 4 -14 .8836 - 2 2 . 3 5 4 9
b - 0 . 5 9 1 5 -6 .2 8 8 3 - 1 9 . 3 2 6 6 - 2 6 .1 5 8 2
c - 0 . 5 4 3 3 -6 .0181 -18 .4973 -25 .0 5 8 7
20.0 a 1.4233 - 8 . 9 1 5 2 -14 .8650 -22 .3 5 6 9
b -0 .6431 -6 .2861 - 1 9 . 3 1 4 3 - 2 6 .2 4 3 5
c - 0 . 5 9 0 7 -6 .0 1 6 5 -18 .4844 -25 .0 9 1 6
3 0 . 0 a 1.4110 -8 .9 0 9 8 -14 .8586 - 2 2 . 3 5 7 4
b -0 .6 6 0 4 -6 .2 8 5 0 - 1 9 . 3 0 9 8 -2 6 .2 5 5 2
c -0 .6065 -6 .0 1 4 9 -18 .4796 - 2 5 . 1 0 1 0
40.0 a 1.4048 - 8 . 9 0 7 1 -14 .8555 -2 2 .3 5 7 8
b -0 .6691 -6 .8 4 9 9 - 1 9 . 3 0 7 6 -26 .8266
c -0 .6145 -6 .0 1 4 9 -18 .4763 -2 5 .1 0 5 7
80.0 a 1 . 3 9 5 5 - 8 . 9 0 3 0 -14 .8508 -22 .3583
b -0 .6 8 2 2 -6 .2 8 3 9 -19 .3042 -26 .2 7 0 3
c -0 .6266 - 6 . 0 1 3 3 -18 .4731 - 2 5 . 1 1 3 0
t  a , b  and c correspond1 th e  INDO--SCPT, INDO--SOS f i x e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3.32. The dielectric constant dependence of the calculated
^J(N=C) for molecule (18), Phenylisocyanide.
6 Methodl"^ Jc Jo Jd J t o t
1 .0 a 13.7169 -5 .6319 - 1 1 . 3 2 9 7 -3 .2447
b 10.4518 -0 .7 7 9 7 -15 .0459 -5 .3 7 3 8
c 9 . 2 1 0 3 -0 .7 1 9 9 - 1 3 . 8 8 6 6 -5 .3 9 6 2
2.0 a 1 3 . 2 1 9 0 -5 .6 2 6 8 - 1 1 . 3 5 9 1 -3 .7 6 6 9
b 9.9716 -0 .8 5 9 3 - 1 5 . 0 9 7 4 -5 .9851
c 8.7593 -0 .7 9 0 7 - 1 3 . 8 9 4 7 -5 .9261
4.0 a 12.9365 - 5 . 6 3 2 9 -1 1 .3 8 2 8 - 4 . 0 7 9 2
b 9.6960 - 0 . 9 1 7 5 - 1 5 . 1 3 1 0 -6 .3 5 2 5
c 8.5018 . - 0 .8 4 3 9 -13 .9044 -6 .2 4 6 5
6.0 a 12.8391 - 5 . 6 3 2 9 - 1 1 . 3 9 1 2 -4 .1 8 5 0
b 9.5511 -0 .9 3 9 9 -15 .1 4 2 2 - 6 . 5 3 1 0
c 8.4123 - 0 . 8 6 3 2 - 1 3 . 9 0 7 6 -6 .3585
8.0 a 12.7896 -5 .6336 -11 .3956 -4 .2 3 9 6
b 9.5214 -0 .9511 -15 .1 4 9 0 -6 .5 7 8 7
c 8 . 3 6 6 8 -0 .8 7 4 5 - 1 3 . 9 0 9 2 -6 .4169
10.0 a 12.7598 - 5 .6 3 4 2 -11 .3 9 8 0 -4 .2 7 2 4
b 9.5214 - 0 . 9 5 9 0 - 1 5 . 1 5 2 3 -6 .5 8 9 9
c 8 . 3 3 9 2 -0 .8 8 0 9 - 1 3 .9108 - 6 . 4 5 2 5
20.0 a 12.6997 -5 .6 3 5 2 -1 1 .4 0 3 4 -4 .3 3 8 9
b 9.4616 -0 .9 7 3 5 - 1 5 .1 6 0 2 -6 .6721
c 8.2835 -0 .8 9 3 8 - 1 3 . 9 1 2 4 -6 .5 2 2 7
3 0 . 0 a 12.6795 -5 .6359 -11 .4 0 5 4 - 4 .3 6 1 8
b 9.4414 - 0 . 9 7 9 1 -15 .1624 -6 .7001
c 8.2649 -0 .8 9 8 6 -13 .9124 -6 .5461
40.0 a 12.6694 -5 .6359 -11 .4061 -4 .3 7 2 6
b 9.4314 -0 .9814 -15 .1635 - 6 . 7 1 3 5
c 8 . 2 5 5 4 - 0 . 9 0 0 2 -13 .9 1 4 0 -6 .5 5 8 8
80.0 a 12.6542 -5 .6 3 6 3 -11 .4075 -4 .3 8 9 6
b 9.4162 -0 .9848 -15 .1658 - 6 . 7 3 4 4
c 8.2414 - 0 . 9 0 3 4 -13 .9140 -6 .5 7 6 0
f a , b  and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3 . 3 3 . The d i e l e c t r i c  c o n s t a n t  dependence  o f  t h e  c a l c u l a t e d  
1 'J(N=C) fo r  molecule ( 2 1 ) ,  2 ,6 -D im e th y lp h e n y l l so c y a n id e
€ Method^ Jc Jo Jd J t o t
1.0 a 13.8165 -6 .5170 -12 .2804 -4 .9809
b 1 0 . 3 3 9 7 - 0 . 2 5 0 9 -14 .4678 - 4 . 3 7 9 0
c 9.1006 - 0 . 2 3 1 9 - 1 3 . 3 3 7 5 -4 .4 6 8 8
2 .0 a 13.2861 -6 .5488 - 1 2 . 3 4 3 6 -5 .6 0 6 3
b 10.1634 - 0 . 5 7 2 5 -14 .6168 -5 .0 2 5 9
c 8.6532 -0 .5266 - 1 3 . 4 4 5 4 -5 .3 1 8 8
4.0 a 13.0178 -6 .5606 - 1 2 . 3 7 1 7 - 5 .9 1 4 5
b 9.6209 -0 .7596 -14 .6997 -5 .8 3 8 4
c 8.4249 -0 .6 9 7 3 - 1 3 . 4 9 2 1 -5 .7 6 4 5
6 .0 a 1 2 . 9 2 5 4 -6 .5650 -12 .3822 -6 .0 2 1 8
b 9.5370 -0 .8 2 4 5 -14 .7277 -6 .0 1 5 2
c 8.3463 -0 .7569 -13 .5114 - 5 . 9 2 2 0
8 .0 a 12.8786 -6 .5674 - 12 .3873 - 6 . 0 7 6 1
b 9 . 4 9 4 4 -0 .8582 -14 .7423 -6 .1061
c 8.3063 -0 .7875 - 1 3 . 5 1 9 5 - 6 . 0 0 0 7
10.0 a 12.8503 -6 .5690 - 1 2 . 3 9 0 7 - 6 . 1 0 9 4
b 9.4687 -0 .8783 -14 .7512 -6 .1608
c 8.2823 -0 .8 0 5 2 - 1 3 . 5 2 5 9 -6 .0 4 8 8
20.0 a 1 2 . 7 9 3 2 -6 .5718 -12 .3971 -6 .1 7 5 7
b 9.4169 -0 .9 1 8 7 -14 .7680 -6 .2 6 9 8
c 8.2338 -0 .8 4 2 2 - 1 3 . 5 3 7 2 -6 .1 4 5 6
3 0 . 0 a 12.7741 -6 .5 7 2 8 - 1 2 . 3 9 9 1 -6 .1 9 7 8
b 9 . 3 9 9 5 - 0 . 9 3 2 1 -14 .7737 -6 .3 0 6 3
c 8.2175 -0 .8535 -13 .5404 -6 .1764
40.0 a 12.7645 - 6 . 5 7 3 4 -12 .4005 - 6 . 2 0 9 4
b 9.3908 -0 .9 3 8 8 -14 .7 7 7 0 -6 .3 2 5 0
c 8 . 2 0 9 4 -0 .8 6 0 0 - 1 3 . 5 4 2 0 -6 .1 9 2 6
80.0 a 12.7501 -6.5741 -12 .4022 -6 .2 2 6 2
b 9 . 3 7 7 7 -0 .9 4 8 9 -14 .7815 - 6 . 3 5 2 7
c 8 . 1 9 7 0 -0 .8696 - 1 3 . 5 4 5 2 -6 .2178
t  a , b  and c cor respond the  INDO--SCPT.INDO-■SOS f ix e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3.34. The dielectric constant dependence of the calculated
^J(N=C) for molecule (6), HgCzCHCHgNSC .
€ Method^ Jc Jo Jd J t o t
1 .0 a 22.9118 -6 .6 0 1 5 -9 .8 1 1 0 6 . 4 9 9 3
b 22.6855 -3 .5 6 4 2 -11 .9980 7 . 1 2 3 3
c 20.3781 - 3 .1 4 2 9 - 10 .5812 6.6540
2.0 a 22.1120 -6 .5527 -9 .8209 5.7384
b 21.7914 - 3 . 3 9 Ï 3 -11.9781 6.4210
c 19.5162 -2 .9 8 3 4 -10 .5353 5.9975
4.0 a 21.6689 - 6 . 5 3 2 9 -9 .8 3 2 4 5 . 3 0 3 6
b 2 1 . 3 0 4 5 - 3 . 3 1 1 9 -12 .6873 5 . 3 0 5 3
c 18.8875 - 2 . 9 0 9 1 - 1 0 . 5 1 3 4 5.4650
6,0 a 21.5161 -6 .5267 -9 .8 3 6 6 5.1528
b 2 1 . 1 3 7 3 -3 .2864 -11 .9693 5.8816
c 18.8052 -2 .8851 -10 .5069 5.4132
8.0 a 21.4388 -6 .5236 -9 .8389 5.0763
b 2 1 . 0 5 2 7 - 3 . 2 7 4 5 -11 .9677 5.8105
c 18.8062 -2.8731 ' - 1 0 . 5 0 2 5 5 . 4 3 0 6
10.0 a 2 1 . 3 9 2 2 -6 .5215 -9 .8 4 0 2 5 . 0 3 0 5
b 2 1 . 0 0 1 7 -3 .2665 -11 .9669 5.7683
c 18.7573 -2 .8665 - 1 0 . 5 0 0 3 5 . 3 9 0 5
20.0 a 21.2981 -6 .5178 -9 .8431 4.9372
b 20.8990 - 3 . 2 5 2 2 -11 .9662 5.6806
c 18.6589 -2 .8 5 2 3 -10 .4960 5.3106
3 0 . 0 a 21.2665 -6 .5165 -9 .8 4 3 8 4.9062
b 20.8645 -3 .2 4 6 6 -11 .9654 5.6525
c 18.6258 -2 .8479 - 1 0 . 4 9 4 9 5.2830
40.0 a 21.2506 -6 .5157 -9 .8444 4.8905
b 20.8473 - 3 .2 4 4 2 -11 .9654 5.6377
c 18.6093 -2 .8457 -10 .4938 5.2698
80.0 a 21.2268 -6 .5 1 5 0 -9 .8 4 5 2 4.8666
b 20.8214 -3 .2411 - 1 1 . 9 6 5 4 5.6149
c 18.5844 -2 .8425 - 1 0 . 4 9 2 7 5.2492
t a , b  and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.35" The dielectric constant dependence of the calculated
ij(N=C) for molecule (9). CHgNzC .
6 Method^ Jc Jo Jd J t o t
1.0 a 23.2.2S1 -9 .6951 7 . 0 3 4 7
b 27.1728 -4 .2 7 9 8 - 1 3 . 7 3 4 7 9.1583
c 24.5175 -3 .7885 -12 .1597 8.5693
2.0 a 22.4833 -6 .4 6 0 2 - 9 . 7 1 3 0 6 . 3 1 0 1
b 26.5028 - 4 . 1 7 4 7 -13 .7204 8.6077
c 23.8443 -3 .6869 -12 .1171 8.0403
4.0 a 22.0648 - 6 . 4 4 9 3 - 9 . 7 2 9 2 5.8863
b 26.1238 -4 .1198 - 1 3 . 7 1 7 2 8.2868
c 23.4656 - 3 . 6 3 3 4 -12 .0964 7.7358
6.0 a 21.9203 - 6 . 4 4 5 7 - 9 .7 3 5 2 5 . 7 3 9 4
b 25.9926 - 4 . 1 0 0 7 -13 .7156 8.1763
c 2 3 . 3 3 4 7 -3 .6 1 4 8 -12 .0898 7.6301
8.0 a 21.8472 -6 .4438 -9 .7381 5.6653
b 25.9260 -4 .1110. - -13 .7148 8.1201
c 23.2683 -3 .6 0 5 0 -12 .0866 7.5767
10.0 a 21.8030 -6 .4 4 2 8 -9 .7399 5.6203
b 25.8858 -4 .0856 -13 .7148 8.0854
c 23.2283 -3 .5875 -12 .0 8 0 0 7.5608
20.0 a 2 1 . 7 1 3 9 -6 .4407 - 9 . 7 4 3 8 5 . 5 2 9 4
b 25.8045 -4 .0736 -1 3 .7 1 4 0 8.0169
c 23.1472 -3 .5 8 4 2 -12 .0778 7 .4852
30.0 a 21.6839 -6 .4402 -9 .7448 5.4989
b 25.7772 -4 .0696 -13 .7140 7.9936
c 2 3 . 1 2 0 0 -3 .5820 -12 .0778 7 .4602
40.0 a 2 1 . 6 6 9 0 - 6 . 4 3 9 9 -9 .7456 5.4835
b 25.7635 -4 .0672 -13 .7140 7 .9823
c 23.1064 -3 .5820 -12 .0778 7.4466
80.0 a 21.6464 -6 .4440 -9 .7466 5.4604
b 25.7429 -4 .0641 -13.7141 7.9647
c 23.0858 -3 .5788 -12 .0767 7 . 4 3 0 3  '
t  a ,b and c co r respond the  INDO-■SCPT,INDO-SOS f ix e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3.36. The dielectric constant dependence of the calculated
■•JCN^C) for molecule (12). (CH3)3 CN=C .
€ Method^ Jc Jo Jd J t o t
1.0 a 22.0346 -6 .6776 - 1 0 . 0 2 3 4 5.3336
b 2 0 . 1 3 5 3 - 1 . 9 3 1 7 - 1 1 . 5 3 0 0 6.6736
c 1 7 . 9 0 9 0 -1 .6889 -10 .0787 6.1414
2 .0 a 2 1 . 1 3 0 4 -6 .6017 - 1 0 . 0 1 9 2 4 . 5 0 9 5
b 1 9 . 2 7 7 1 -1 .8880 -11 .5164 5.8727
c 17.0873 -1 .6 4 5 2 - 1 0 . 0 3 7 1 5.4050
4.0 a 20.6296 -6 .5686 -10 .0244 4.0366
b 18.7956 -1 .8314 - 1 1 . 5 1 0 9 5.4533
c 16.6289 - 1 . 5 9 2 7 - - 10 .0153 5 . 0 2 0 9
6.0 a 2 0 . 4 5 7 4 -6 .5577 -10 .0265 3.8732
b 18.6295 -1 .6 6 4 3 -11 .5021 5.4631
c 16.4708 - 1 . 4 4 5 3 -10 .0 0 2 2 5 . 0 2 3 3
8 .0 a 2 0 . 3 7 0 2 -6 .5522 -10 .0276 3.7904
b 18.5452 . -1 .6500  . -11 .5005 5 . 3 9 4 7
c 1 6 . 3 9 0 9 - 1 . 4 3 4 3 -9 .9 9 7 8 4.9588
10.0 a 2 0 . 3 1 7 6 - 6 . 5 4 9 1 -10 .0283 3.7402
b 1 8 . 4 9 4 3 -1 .6412 -11 .5005 5.3526
c 16.3426 -1 .4267 -9 .9 9 5 6 4 . 9 2 0 3
20.0 a 20.2112 -6 .5426 - 1 0 . 0 2 9 9 3.6387
b 18.3917 -1 .7694 -11 .5053 5 . 1 1 7 0
c 16.2450 -1 .5370 -9 .9 9 6 7 4 . 7 1 1 3
3 0 . 0 a 20.1760 -6 .5 4 0 2 - 1 0 . 0 3 0 4 3.6054
b 18.3573 -1 .7646 -11 .5053 5.0874
c 16.2125 - 1 . 5 3 2 7 -9 .9956 4.6842
40.0 a 20.1582 -6 .5392 - 1 0 . 0 3 0 7 3.5883
b 18.3399 -1 .7 6 2 2 -11 .5053 5.0724
c 16.1961 - 1 . 5 3 0 5 - 9 . 9 9 4 5 4.6711
80.0 a 20.1314 -6 .5376 - 1 0 . 0 3 0 9 3.5629
b 18.3140 -1 .7590 -11 .5053 • 5.0497
c 16.1715 -1 .5283 -9 .9 9 3 5 4.6497
t  a , b  and c co r respond th e  INDO-■SCPT,INDO-SOS f ix e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3.37. 'The dielectric constant dependence of the calculated
^J(N5C) for molecule (13), CH3 CHN .
€ Method"^ Jc Jo Jd J t o t
1 .0 a 3.6308 -7 .1914 -11 .5733 - 1 5 . 1 3 3 9
b 4.9356 -2 .8 3 9 9 -14 .6915 -12 .5958
c 4 . 6 1 3 6 - 2 . 5 9 3 4 -13 .4160 -11 .3958
2.0 a 3.0628 -7 .0 7 6 5 - 1 1 . 4 5 3 7 -15 .4674
b 4.2541 -2 .7 3 9 6 -14 .5959 -13 .0814
c 3 . 9 7 3 4 - 2 . 5 0 0 5 -13 .3188 -11 .8459
4.0 a 2.7782 -7 .0 1 5 3 -11 .3904 -15 .6275
b 3 . 9 0 8 8 -2 .6 9 0 3 -14 .5450 -13 .3265
c 3.6491 -2 .4536 -13 .2674 - 1 2 . 0 7 1 9
6.0 a 2.6799 - 6 . 9 9 3 6 -11 .3682 -15 .6819
b 3.7892 -2 .6 7 2 8 -14 .5275 -13 .4111
c 3.5369 - 2 . 4 3 7 2 - 1 3 . 2 5 0 0 - 1 2 . 1 5 0 3
8.0 a 2.6301 - 6 .9 8 3 0 - 1 1 . 3 5 7 0 - 1 5 . 7 0 9 9
b 3.7286 -2.6640* * -14 .5187 -13 .4541
c 3.4800 -2 .4 2 9 5 -13.2401 -12 .1896
10.0 a 2.6000 -6 .9 7 6 2 - 1 1 . 3 5 0 3 -15 .7265
b 3.6918 -2 .6584 - 1 4 . 5 1 3 1 - 1 3 . 4 7 9 7
c 3 . 4 4 5 7 -2 .4241 - 1 3 . 2 3 4 7 - 1 2 . 2 1 3 1
20.0 a 2.5393 -6 .9 6 2 9 -1 1 .3 3 6 7 -15 .7603
b 3.6178 -2 .6 4 7 3 -14 .5020 - 1 3 . 5 3 1 5
c 3.3762 -2 .4 1 4 2 - 1 3 . 2 2 3 7 -12 .2617
3 0 . 0 a 2.5189 -6 .9 5 8 5 - 1 1 . 3 3 2 0 -15 .7716
b 3 . 5 9 2 9 -2 .6441 -14 .4980 - 1 3 . 5 4 9 2
c 3.3528 -2 .4 1 1 0 - 1 3 . 2 2 0 5 -12 .2787
40.0 a 2.5086 -6 .9561 - 1 1 . 3 2 9 7 -15 .7772
b 3.5804 -2 .6 4 1 7 -14 .4964 - 1 3 . 5 5 7 7
c 3 . 3 4 1 2 -2 .4 0 8 8 -13 .2183 -12 .2859
80 .0 a 2 . 4 9 3 3 -6 .9 5 2 7 -11 .3263 -15 .7857
b 3.5617 -2 .6 3 9 3 -14 .4941 - 1 3 . 5 7 1 7
c 3 . 3 2 3 6 -2 .4 0 6 6 - 1 3 . 2 1 5 0 -1 2 .2 9 8
t  a , b and c cor respond the  INDO--SCPT,INDO-SOS f ix e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
TABLE 3*38. The dielectric constant dependence of the calculated
1j(N5C) for molecule (16), (6^ 3)3 CC=N .
e Method^ Jc Jo Jd J t o t
1 . 0 a ■ 5.3862 -7 .1 6 3 5 -11 .4566 - 3 . 2 3 3 9
b -2 .0567 - 1 . 7 0 3 3 -12 .0617 - 5.8217
c -1 .1587 -1 .5 4 6 9 - 1 0 . 9 5 1 5 - 3.6571
2 . 0 a 4.7005 - 7 . 0 1 6 1 - 1 1 . 3 1 1 2 3.6268
b -2 .6 8 3 2 -1 .7 3 2 8 -11 .9837 - 6.3997
c -1 .2 2 5 3 - 1 . 5 7 2 0 -10 .8718 - 3 . 6 6 9 1
4 .0 a 4.3637 -6 .9 4 0 2 - 1 1 . 2 3 5 9 3.8124
b -2 .9918 -1 .7 3 8 3 -11.9341 - 6 .6642
c -1 .5 1 0 4 -1 .5764 -10 .8270 - 3 . 9 1 3 8
6.0 a 4.2479 -6 .9 1 3 9 -11 .2098 — 3.8758
b - 3 . 0 9 7 3 - 1 . 7 3 1 2 -11 .9240 - 6.7525
c -1 .7 4 2 4 -1 .5698 -10 .8117 - 4 . 1 2 3 9
8.0 a 4.1894 -6 .9 0 0 4 -11 .1965 _ 3 . 9 0 7 5
b -3 .1 5 0 5 -1 .7 2 8 0 -11 .9168 - 6 .7953
c - 1 . 7 7 2 3 -1 .5665 -10 .8040 - 4 .1428
10.0 a 4.1540 -6 .8 9 2 3 -11 .1884 3.9267
b -3 .1 8 2 7 -1 .7 4 2 3 -11 .9144 - 6.8394
c - 1 . 7 9 0 3 -1 .6 5 1 7 -10 .8018 - 4 .2438
20.0 a 4.0826 -6 .8 7 5 9 - 1 1 . 1 7 2 3 _ 3 .9656
b -3 .2473 -1 .6874 -11 .8985 - 6 .8332
c -1 .8 2 6 3 - 1 . 5 2 9 4 -10 .8765 - 4 . 2 3 2 2
3 0 . 0 a 4.0587 -6 .8 7 0 4 -11.1671 3 .9788
b -3 .2690 -1 .6 9 4 6 -11 .8961 6 .8597
c -1 .8 3 8 5 -1 .5359 -10 .7844 - 4 .1588
40.0 a 4.0468 -6 .8 6 7 5 -11 .1642 3.9849
b -3 .2 7 9 8 -1 .6 9 3 8 -11 .8945 6.8681
c -1 .8 4 4 6 -1 .5359 -10 .7822  . - 4 .1627
80. a 4.0286 - 6 . 8 6 3 4 • -11 .1603 3 . 9 9 5 1
b -3 .2 9 6 2 -1 .6922 -11.8921 - 6 .8805
c -1 .8538 -1 .5338 -10 .7800 4.1676
t  a ,b  and c correspond th e  INDO--SCPT,INDO-SOS fixed i n t e g r a l .
INDO-SOS varied integral calculations respectively.
TABLE 3*39. The dielectric constant dependence of the calculated
^J(N=C) for molecule 07), CHgzCHCzN .
e Method^ Jc Jo Jd J t o t
1 .0 a 3.2602 -7 .0783 -11.6984 - 15 .5165
b 0.3514 -4 .4947 -13.8724 -1 8 .0 1 5 7
c 0.3294 -4 .1130 -12.6939 -1 6 .4 7 7 5
2.0 a 2.7260 -6 .9736 -11.5751 -15 .8 2 2 7
b -0 .2 7 8 5 -4 .4787 -13.7976 -1 8 .5 5 4 8
c -0 .2 6 0 7 -4 .0955 -12.6162 - 1 6 .9 7 2 4
4.0 a 2.4577 -6 .9 1 7 3 -11.5092 -15 .9 6 8 8
b -0 .6051 -4 .4724 -13.7570 -1 8 .8 3 4 5
c -0 .5661 -4 .0878 ' - -12.5748 -1 7 .2 2 8 7
6.0 a 2.3646 -6 .8975 -11.4860 -1 6 .0 1 8 9
b -0 .7189 -4 .4700 -13.7427 -1 8 .9 3 1 6
c -0 .6 7 2 5 -4 .0846 -12.5595 -1 7 .3 1 6 6
8 .0 a 2.3175 -6 .8 8 7 3 -11.4743 -16 .0441
b -0 .7769 -4 .4684 - -13.7355 -1 8 .9 8 0 8
c -0 .7 2 6 8 -4 .0 8 3 5 -12.5475 -1 7 .3 5 7 8
10.0 a 2.2890 -6 .8 8 1 3 -11.4673 - 1 6 .0 5 9 6  .
b -0 .8 1 1 9 -4 .4676 -13.7308 - 1 9 .0 1 0 3
c -0 .7595 -4 .0 8 2 4 -12.5388 - 1 7 .3 8 0 7
20.0 a 2.2315 -6 .8 6 8 8 -11.4529 -1 6 .0 9 0 2
b -0 .8 8 2 8 -4 .4 6 6 0 -13.7220 - 1 9 .0 7 0 8
c -0 .8 2 5 8 -4 .0812 -12.5355 - 1 7 .4 4 2 5
3 0 . 0 a 2.2121 -6 .8647 -11.4480 -16 .1 0 0 6
b -0 .9065 -4 .4 6 5 2 -13.7188 -1 9 .0 9 0 5
c -0 .8479 -4 .0 8 0 2 -12.5355 - 1 7 .4 6 3 6
40.0 a 2.2024 -6 .8 6 2 6 -1 1.4456 - 1 6 .1 0 5 8
b -0 .9185 -4 .4 6 5 2 -13.7172 -1 9 .1 0 0 9
c -0 .8591 -4 .0 8 0 2 -12.5333 -1 7 .4 7 2 6
80.0 a 2.1878 -6 .8594 -11.4420 -1 6 .1 1 3 6
b -0 .9365 -4 .4644 -13.7148 -1 9 .1 1 5 7
c -0 .8759 -4.0791 -12.5311 -17 .4861
t  a , b  and c correspond th e  INDO--SCPT,INDO-SOS f i x e d  i n t e g r a l .
INDO-SOS varied integral calculations respectively.
TABLE 3.40. The dielectric constant dependence of the calculated
y(N=C) for molecule (18), Phenylisocyanide.
6 Method^ Jc Jo Jd J t o t
1 .0 a 21.5049 -4 .3391 - 8 . 7 2 9 1 8.4367
b 14.3472 -0 .5 5 4 0 -10 .6895 3 . 1 0 3 7
c 12.8763 -0 .4 8 8 3 -9 .4199 2.9681
2.0 a 20.7244 - 4 .3 3 5 2 -8 .7 5 1 8 7.6374
b 13.6881 -0 .6 1 0 5 -10 .7261 2 . 3 5 1 5
1 c 12.2458 -0 .5 3 6 4 -9 .4 2 5 4 2.2840
4.0 a 20.2814 -4 .3 3 8 6 - 8 . 7 7 0 0 7 .1728
b 13.3097 -0 .6 5 1 9 -1 0 .7 5 0 0 1.9078
c 11.8858 - 0 .5 7 2 4 - 9 . 4 3 1 9 1.8815
6.0 a 20.1287 - 4 .3 3 9 9 -8 .7 7 6 5 7 . 0 1 2 3
b 13.1778 -0 .6 6 8 0 -10 .7579 1 . 7 5 1 9
c 11.7606 ■ -0 .5 8 5 5 - 9 . 4 3 4 1 1.7410
8.0 a 20.0512 -4 .3 4 0 4 -8 .7 7 9 9 6 . 9 3 0 9
b 13.1108 -0 .6 7 5 7 -10 .7627 1.6724
c 11.6970 - 0 .5 9 3 2 - 9 . 4 3 5 2 1.6686
10.0 a 20.0044 - 4 .4 3 1 0 -8 .7 8 1 7 6 . 7 9 1 7
b 13.0700 - 0 .6 8 1 3 -10 .7651 1.6236
c 11.6584 -0 .5 9 7 5 - 9 . 4 3 6 3 1.6246
20.0 a 19.9101 -4 .3 4 1 7 - 8 .7 8 5 9 6.7825
b 12.9879 -0 .6 9 1 7 -10 .7701 1.5261
c 11.5806 - 0 .6 0 6 3 - 9 . 4 3 7 4 1.5369
30.0 a 19.8785 - 4 .3 4 2 3 -8 .7 8 7 5 6.7487
b 12.9603 -0 .6 9 5 6 -10 .7 7 2 2 1 . 4 9 2 5
c 11.5546 —0 . 6 0 9 6 - 9 . 4 3 7 4 1.5076
40.0 a 19.8627 - 4 . 3 4 2 3 - 8 .7 8 8 0 6.7324
b 12.9465 -0 .6 9 7 2 - 1 0 . 7 7 3 0 1.4763
c 11.5414 -0 .6107 -9 .4 3 8 5 1 . 4 9 2 2
80.0 a 19.8388 -4 .3 4 2 5 - 8 .7 8 9 0 6 . 7 0 7 3
b 12.9256 -0 .6 9 9 6 -10 .7746 1.4514
c 11.5217 -0 .6 1 2 8 -9 .4385 1.4704
t a,b and c correspond the INDO-SCPT,INDO-SOS fixed integral,
INDO-SOS varied integral calculations respectively.
TABLE 3.41. The dielectric constant dependence of the calculated
^J(N=C) for molecule (21), 2,6-Dimethylphenylisocyanide
€ Method^ Jc Jo Jd J t o t
1.0 a 21.6611 -5 .0211 -9 .4 6 1 6 7.1784
b 14.1934 -0 .1 7 8 3 -10 .2788 3.7363
c 12.7229 -0 .1 5 7 3 - 9 . 0 4 7 4 3.5182
2 .0 a 20.8295 -5 .0 4 5 6 - 9 . 5 1 0 3 6.2736
b 13.9521 -0 .4 0 6 7 -10 .3846 3.1608
c 12.0975 - 0 . 3 5 7 2 -9 .1 2 0 6 2.6197
4.0 a 20.4089 - 5 . 0 5 4 7 - 9 . 5 3 1 9 5.8223
b 13.2067 -0 .5 3 9 6 - 1 0 . 4 4 3 5 2.2236
c 11.7783 - 0 . 4 7 3 0 . - 9 . 1 5 2 3 2 . 1 5 3 0
6.0 a 20.2641 -5 .0581 -9 .5 4 0 0 5 .6660
b . 13.0915 -0 .5 8 5 8 -10 .4634 2 .0423
c 11.6684 - 0 . 5 1 3 4 -9 .1 6 5 4 1.9896
8.0 a 20.1906 -5 .0 5 9 9 - 9 . 5 4 3 9 5 .5868
b 1 3 . 0 3 3 0 -O . 6 0 9 7 -10 .4738 1 . 9 4 9 5
c 11.6125 -0 .5 3 4 2 - 9 . 1 7 0 9 1 . 9 0 7 4
10.0 a 20.1462 - 5 .0 6 1 2 -9 .5 4 6 5 5 .5385
b 1 2 . 9 9 7 7 -0 .6 2 4 0 -10 .4801 1.8936
c 1 1 . 5 7 9 0 -0 .5 4 6 2 -9 .1 7 5 2 1.8576
20.0 a 20.0568 -5 .0 6 3 3 - 9 . 5 5 1 5 5 .4420
b 12.9266 -0 .6 5 2 7 - 1 0 . 4 9 2 1 1.7818
c 11.5111 -0 .5 7 1 3 -9 .1 8 2 9 1.7569
30.0 a 20.0268 -5 .0641 - 9 . 5 5 3 0 5.4097
b 1 2 . 9 0 2 7 -0 .6 6 2 2 -10 .4961 1 . 7 4 4 4
c 11.4884 - 0 . 5 7 9 0 -9 .1851 1.7243
40.0 a 20.2338 -5 .0 6 4 6 -9 .5541 5.6151
b 12.8908 - 0 . 6 6 7 0 -10 .4984 1.7254
c 1 1 . 4 7 7 0 -0 .5 8 3 3 -9 .1861 1.7076
80.0 a 19.9891 -5 .0651 - 9 . 5 5 5 4 5 .3686
b 12.8727 -0 .6 7 4 2 -10 .5016 1 . 6 9 6 9
c 1 1 . 4 5 9 7 -0 .5899 -9 .1883 1.6815
t  a , b  and c correspond t h e  INDO-■SCPT, INDO-SOS f i x e d  i n t e g r a l ,
INDO-SOS varied integral calculations respectively.
CHAPTER FOUR
15' 13C a lc u la t io n  o f  Some N- C Couplings  
by V arious MO Methods
4 ; 1 INTRODUCTION
15 13The d e t e r m i n a t i o n  and i n t e r p r e t a t i o n  of  ( N- C) co u p l in g s  
has  g iven  r i s e  to  a c o n s i d e r a b l e  amount of  i n t e r e s t
14There a r e  two n a t u r a l l y  o c c u r i n g  i s o t o p e s  o f  n i t r o g e n ,  N and 
^^N, b o th  o f  which a re  NMR a c t i v e  as they  p o s s e s s  m agne t ic  
moments, ^^N has  a n a t u r a l  abundance of  99.635% and has  a s p i n
of  1 and thus  an e l e c t r i c  quadrupo le  moment, which l e a d s  to
den ing  <
(90 ,91)
a b ro a o f  ^^N resonance  s i g n a l s  v i a  q u a d ru p o la r  r e l a x ­
a t i o n
The n a t u r a l  abundance o f  ^^N i s  on ly  0.365% w i th  s p i n  of  i t
15has  no qu ad ru p o le  moment so t h a t  i n  g e n e r a l  N n u c l e i  g ive
(91)s h a r p e r  s p e c t r a l  p a t t e r n s  . The s e n s i t i v i t y  to  NMR d e t e c ­
t i o n  f o r  ^^N and ^^N a r e  r e s p e c t i v e l y  0.1% and 0.025% r e l a t i v e  
to  t h a t  o f  p r o to n s  a t  t h e  same v a l u e  of  a p p l i e d  m a gne t ic  f i e l d  
The ^^N n u c leu s  i s  more s u i t a b l e  f o r  most n i t r o g e n  NI'IR 
s t u d i e s  i n v o l v i n g  n u c l e a r  s p i n - s p i n  co u p l in g s  due to  i t s  
l a r g e r  m agne togy r ic  r a t i o  and s h a r p e r  s p e c t r a l  l i n e s .  However,  
t h e  low n a t u r a l  abundance has  u n t i l  r e c e n t l y  l i m i t e d  i t s  use i n  
such s t u d i e s .  P r o to n  d eco u p l in g  t o g e t h e r  w i th  t h e  p u l s e d  FT
NMR t e c h n iq u e  have r e c e n t l y  f a c i l i t a t e d  t h e  o b s e r v a t i o n  of
15 . (92)N NMR s p e c t r a  i n  n a t u r a l  abundance . The number of
a v a i l a b l e  (N-C) c o u p l in g  v a l u e s  i s  s t e a d i l y  i n c r e a s i n g .
Binsch  and co-workers  i n  t h e i r  e a r l y  i n v e s t i g a t i o n  o f  ^^N
c o u p l in g s  i n c lu d e d  d i r e c t l y  bonded N-C c o u p l in g s .  Assuming th e
dominance o f  t h e  Fermi c o n t a c t  te rm  th e s e  i n v e s t i g a t o r s  were
15 13a b l e  to  c o r r e l a t e  a v a r i e t y  of  ( N- C) co u p l in g s  w i th  t h e  p r o ­
d u c t  o f  S c h a r a c t e r s  of  t h e  n i t r o g e n  and carbon o r b i t a l s  forming 
t h e  a -bond .  The e m p i r i c a l  e q u a t io n  i s ;
%S %S = 80 . . .  (4 .1 )
At tem pts  t o  i n t e r p r e t  observed  v a l u e s  by means o f
t h i s  r e l a t i o n ,  have  had on ly  l i m i t e d  s u c c e s s .  Remarkable de­
v i a t i o n s  have  been  found p a r t i c u l a r l y  f o r  t h o s e  compounds w i th  
m u l t i p l e  bonds between th e  n i t r o g e n  and carbon  atoms (89)94 ,95)^
C a l c u l a t i o n s  of  t h e  c o n t a c t  c o n t r i b u t i o n  i n  some m o lecu le s  
w i th  a v a r i e t y  of  bonding  s i t u a t i o n s  have  been  c a r r i e d  ou t  
by M ac ie l  e t  a l .  Using semi e m p i r i c a l  MO th e o ry  w i th  th e
INDO-FPT approach*Poor agreement w i th  exper im en t  i s  o b t a i n e d  
and an i n c o r r e c t ,  p o s i t i v e ,  s i g n  i s  p r e d i c t e d  f o r  ^J(N=C) i n  
a c e t o n i t r i l e .  S i m i l a r  c a l c u l a t i o n s  (96 ,97)  v a r i o u s  com­
pounds a l s o  g iv e  poor  r e s u l t s  f o r  ^ J(N -C) .  These r e s u l t s  
r e v e a l  t h a t  c a l c u l a t i o n s  assuming th e  c o n t a c t  i n t e r a c t i o n  a lo n e  
cannot  rep roduce  th e  observed  ^J(N-C) v a l u e s  s u c c e s s f u l l y .
In  th o s e  c a se s  where none o f  th e  coupled  n u c l e i  a r e  hydrogen  th e
c a l c u l a t i o n  o f  t h e  t h r e e  c o n t r i b u t i o n s  to  s p i n - s p i n  c o u p l in g s
(32)by s e l f  c o n s i s t e n t  p e r t u r b a t i o n  (SCPT) and S u m -o v e r -S ta t e s
(37)(SOS) p e r t u r b a t i o n  t h e o r i e s  have  dem ons t ra ted  th e  s i g n i -
f i c a n c e  o f  th e  o r b i t a l  and d i p o l a r  c o n t r i b u t i o n s  t o  c o u p l in g  
be tween  some f i r s t  row n u c l e i .  The c a l c u l a t i o n  of  t h e  t h r e e
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c o n t r i b u t i o n s  t o  ( N- C) c o u p l in g s  have been c a r r i e d  o u t  by
(98 99)v a r i o u s  groups  o f  workers  u s in g  t h e  INDO-SOS ’ and 
INDO-SCPT (100,101)  t h e o r i e s .  In  many cases  th e  e x p e r i m e n t a l  
s i g n s  a r e  c o r r e c t l y  r ep ro d u c e d ,  s i g n i f i c a n t  c o n t r i b u t i o n s  t o  
^J(N=C) and ^J(N=C) d a t a  from the  o r b i t a l  and d i p o l a r  te rms 
as w e l l  as t h e  c o n t a c t  te rm a r e  o b ta in e d .
Using th e  INDO-SCPT approach Schulman and Venanzi have  c a l c u -
1 2l a t e d  a l l  t h r e e  c o n t r i b u t i n g  terms to  J (N-C) ,  J(N-C) and
j  (100,101) ^ jJ(N-C) i n  some o rg a n ic  compounds . Good agreement
w i th  expe r im en t  i s  o b t a i n e d .  . A l l  th e  known s ig n s  a r e  c o r r e c t l y  
r e p ro d u c e d .  I t  i s  found t h a t  each  of  th e  t h r e e  te rms may make 
dominant  c o n t r i b u t i o n s  to  ^J(N-C),  depending upon th e  bond type 
c o n s i d e r e d .
R e c e n t ly  Khin and Webb have  p u b l i s h e d  two pape r s  co n ce rn in g  th e
15 13c a l c u l a t i o n  and i n t e r p r e t a t i o n  of  ( N - j  C) c o u p l i n g s .  I n  t h e i r  
f i r s t  p a p e r  (^^^^ they  used  s t a n d a r d  INDO p a ra m e te r s  i n  SOS p e r ­
t u r b a t i o n  c a l c u l a t i o n s  of  ^J(^^N-^^C) f o r  a v a r i e t y  of  m o l e c u la r  
e n v i ro n m e n t s . In  g e n e r a l  good agreement w i th  the  e x p e r i m e n t a l
d a t a  i s  o b t a i n e d .  In t h e i r  second p a p e r  INDO-SCPT c a l -
15 13c u l a t i o n s  of  J (  N- C) c o u p l in g s  a r e  r e p o r t e d .  In  th e s e  
p a p e r s  t h e  t h r e e  c o n t r i b u t i o n s ,  c o n t a c t ,  o r b i t a l  and d i p o l a r  
a r e  p r e d i c t e d  to  be s i g n i f i c a n t  f o r  t h i s  c o u p l in g .
In  th e  p r e s e n t  work t h e  INDO-SCPT, INDO-SOS and th e  (INDO/S)- 
SOS t e c h n iq u e s  have been  employed f o r  th e  c a l c u l a t i o n  of  ^J(N-C)  
v a l u e s  a c r o s s  s i n g l e  and t r i p l e  bonds i n  a sm al l  number of  
s imple  m o l e c u le s .  I t  i s  of  i n t e r e s t  to  see  whether  t h e s e  methods 
a r e  c ap a b le  of  r e p ro d u c i n g  th e  e x p e r im e n ta l  t r e n d s  and t h e  known 
s i g n s  of  th e  c o u p l i n g s .  A l l  t h e s e  approaches  have  been  a p p l i e d  
to  e v a l u a t e  t h e  t h r e e  c o n t r i b u t i o n s  to  ^J(^^N-^^C) i n  a v a r i e t y  
o f  m o l e c u la r  env i ronm en ts .  The whole s e t  of  n i t r o g e n  c o n t a i n ­
in g  m o l e c u le s ,  which i s  l i s t e d  i n  Table (3.19. ) some o f  which 
a r e  used  f o r  th e  i n v e s t i g a t i o n  of  s o l v e n t  dependenc ies  i n  
Chap te r  3, i s  employed f o r  t h e  work d e s c r ib e d  i n  t h i s  c h a p t e r .
4 .2  RESULTS AND DISCUSSION
The c a l c u l a t e d  c o u p l in g s  a r e  s e n s i t i v e  to  th e  s o l v e n t ,  as we
(32 37)have seen  and to  smal l  changes  i n  m o le c u la r  geometry ’
Due to  t h e  absence  of  s t r u c t u r a l  d a t a  f o r  the  m a j o r i t y  o f  
molecu les  under  c o n s i d e r a t i o n ,  s t a n d a r d  geo m e t r ie s  a r e  used  
i n  th e  p r e s e n t  s e r i e s  o f  c a l c u l a t i o n s .
In t h e s e  c a l c u l a t i o n s  th e  t h r e e  c o n t r i b u t i o n s  to  ^J(N-C) a r e  
o b ta in e d  by t h r e e  methods ,  INDO-SCPT, INDO-SOS and (INDO/S)-SOS
The INDO-SCPT c a l c u l a t i o n s  a r e  per formed u s in g  p a r a m e te r  v a l u e s  
o b t a in e d  from SCF atomic  f u n c t i o n s  S^^(O) = 4 .770  au
S^ (0) = 2.767 au"^ ,  < r " ^ >  ^ = 3.101 au“ ^ and ( r " ^  = 1.692
au ^ which have  been i n c lu d e d  i n  Table  ( 2 . 6 ) .
For th e  INDO-SOS c a l c u l a t i o n s  the  fo l l o w i n g  p a ra m e te r  v a l u e s
(37)a r e  o b t a i n e d  from s l a t e r  ty p e  atomic  f u n c t i o n s  and a r e
i n c lu d e d  i n  Table  (2 ,5 )  , : S^^(O) = 5.246 au S^^(O) =
3.012 au <( r  ^  = 2 .472 au ^ and <( r  ^ = 1.430 au 
In  th e  second s e r i e s  o f  c a l c u l a t i o n s  t h e s e  p a r a m e te r s  a r e  
a l low ed  t o  v a ry  acc o rd in g  to  the  m o le c u la r  env i ronm ent o f  th e  
n u c l e i  concerned .  Thus each  c o u p l in g  has  two c a l c u l a t e d  r e s u l t s .
The same p a r a m e te r  v a l u e s  as used i n  th e  c a l c u l a t i o n s  by th e  
INDO-SOS method,  and c i t e d  above,  a re  used  i n  th e  c a l c u l a t i o n  
o f  ^J(N-C) by t h e  (INDO/S)-SOS method.
The c o n t a c t  c o n t r i b u t i o n ,  w he the r  g iven  by the  SOS o r  by th e
SCPT p r o c e d u r e ,  i s  p r o p o r t i o n a l  to  th e  p ro d u c t  o f  t h e  S - e l e c t r o n
2 2d e n s i t i e s  a t  th e  s i t e s  of  t h e  coupled  n u c l e i ,  i . e .  S ^ (0 )  S ^ ( 0 ) .  
Also  i n  bo th  o f  t h e s e  t h e o r i e s  th e  o r b i t a l  and d i p o l a r  c o n t r i -
-3  -3
b u t i o n s  a re  each p r o p o r t i o n a l  to  t h e  p ro d u c t  < ( r  ^  ^  r  ) >q *
The v a l u e s  o f  t h e s e  i n t e g r a l  p r o d u c t s  as used i n  t h i s  s e r i e s  
of  c a l c u l a t i o n s  a re  th o se  f o r  i s o l a t e d  atoms.  However t h e r e  i s  
no r e a s o n  to  suppose t h a t  t h e s e  v a lu e s  a re  s u i t a b l e  f o r  atoms 
i n  a m o le c u la r  env i ronm en t .
T h e re fo re  t h e  i n t e g r a l  p r o d u c t s  should  be de t e rm in e d .  The c a l ­
c u l a t e d  and ob se rv ed ,  J ( e x p )  c o u p l in g s  a r e  compared by means o f  
t h e  fo l l o w i n g  e q u a t io n :
J ( e x p )  = a + b (J  + J^ )  . . . .  ( 4 . 2 )
where J^, and are the calculated values of the contact,
o r b i t a l  and d i p o l a r  c o n t r i b u t i o n s  o m i t t i n g  a and b r e s p e c t i -
2 2v e l y .  Where a and b a r e  t h e  i n t e g r a l  p r o d u c t s  S ^ (0 )  S ^ (0 )  
- 3 - 3and <(r ^  ^ r  ^  ^ r e s p e c t i v e l y ,  which a re  t r e a t e d  as
(32)l e a s t - s q u a r e s  p a r a m e t e r s ,  as s u g g e s te d  e l sew here
The c a l c u l a t e d  ^J(^^N-^^C) v a lu e s  f o r  a l l  of  t h e  m o lecu le s  con­
s i d e r e d  by th e  v a r i o u s  methods ,  a re  p r e s e n t e d  i n  Table  (4 .1 )  
t o g e t h e r  w i t h  th e  a v a i l a b l e  e x p e r i m e n t a l  r e s u l t s .
In  g e n e r a l  t h e  c a l c u l a t i o n s  dem ons t ra te  th e  s i g n i f i c a n c e  o f  the  
o r b i t a l  and d i p o l a r  c o n t r i b u t i o n s  to  th e  c o u p l in g  be tween N and 
C.
The u n s e a l e d  r e s u l t s  i n  Table  (4 .1 )  a r e  o b t a i n e d  by t h e  u se  
o f  atomic  v a l u e s  f o r  S^^(O) S^^(O) and < ( r ^ ) >  ^  ^  r
The s c a l e d  v a l u e s  a r e  o b t a in e d  by r e s t r i c t i n g  th e  l e a s t  s q u a re s  
l i n e  to  p a s s  th rough  the  o r i g i n .  I t  i s  n e c e s s a r y  t o  i n c l u d e  t h e  
^J(N-C) v a l u e s  o f  each bond type  i n  o b t a i n i n g  t h e  v a l u e s  of  
S^^(O) (0) and ( r  (  r  the  s c a l e d  r e s u l t s  f o r
t h e s e  i n t e g r a l  p r o d u c t s  co r respond  to  t h e  bonding  type  f o r  each 
method of  c a l c u l a t i o n  (excep t  those  f o r  INDO-SOS w i th  v a r i e d  
i n t e g r a l s ) ,  a r e  p r e s e n t e d  in  Table  (4 .2 )  t o g e t h e r  w i th  th e  
s t a n d a r d  d e v i a t i o n s ,  c o r r e l a t i o n  c o e f f i c i e n t s  and th e  r e g r e s s ­
io n  c o e f f i c i e n t s  a and b o b ta in e d  f o r  each type o f  b o nd ing .
TABLE 4.1, Values o f  S ^ (0 )^ ^ (0 )  and < >< !> fo r  s i n g l y  and
t r i p l y  bonded J(NC) .
Method Bond S^,(0)SJ(D)
-6au
><r >c
-6au
S t .
dev.
Hz
C o r r . 
c o e f f .
R.C
a
R.C
b
INDO-SCPT S in g le 13.2118 1.7557 4 .00 0.771 1.001 0.335
INDO-SCPT T r i p l e 10.3782 17.7459 3.73 0.978 0.786 3.382
INDO-SOS-fix S in g le 21.4892 0.5585 . 4.83 0.867 1.360 0.158
INDO-SOS-fix T r i p l e 13.9571 39.6033 4.90 0.965 0.883 11.203
INDO-SOS-var S in g le —* —— 4.88 0.864 2.250 0.213
INDO-SOS-var T r i p l e — — --- 4.40 0.972 1.453 16.104
( INDO/S)-SOS S in g le 61.1653 4.6307 5.56 0.714 3.871 1.310
(INDO/S)-SOS T r i p l e 36.4679 12.4750 6 .19 0.943 2.308 3.529
(114)
SCF atomic f u n c t i o n s
(37)
S l a t e r - t y p e  atomic 
f  u n c t io n s
13.199
15.800
5.247
3.535
CIn a l l  c ases  the  s c a l e d  J  v a lu e s  a re  ob ta ined  by m u l t i p l y i n g  
the  c a l c u l a t e d  v a lu e s  by the  r e g r e s s i o n  c o e f f i c i e n t  a ,  and the  
c o r re s p o n d in g  o r b i t a l  and d i p o l a r  va lues  a re  o b ta in e d  by mul­
t i p l y i n g  and by the  r e g r e s s i o n  c o e f f i c i e n t  b.
The d a t a  i n  Table  (4 .1 )  r e v e a l  t h a t  our s ca le d  va lu e s  o f  
S^^(O) S^^(O) and r  ^ r  ^ fo r  the m olecu le s  
under c o n s i d e r a t i o n  a re  in  reasonab le  accord wi th  the  a tomic  d a t a  
and no l e s s  s a t i s f a c t o r y  than those o b ta ined  e l sew here
The INDO-SOS c a l c u l a t i o n s  r e q u i r e  l a r g e r  v a l u e s  o f  th e  i n t e g r a l  
p r o d u c t s  to  o b t a i n  s a t i s f a c t o r y  agreement w i th  exper im en t  
and to  be  compared w i t h  t h o s e  o b t a in e d  p r e v i o u s l y  where­
as th e  s c a l e d  i n t e g r a l  p ro d u c t s  f o r  th e  (INDO/S)-SOS a r e  l a r g e r  
tha n  th o s e  o b t a i n e d  by th e  INDO-SOS method.  I t  seems p r o b a b le  
t h a t  t h e s e  d i f f e r e n t  r an g es  o f  v a lu e s  of  i n t e g r a l  p r o d u c t s
r e f l e c t  t h e  d i f f e r e n t  app rox im at ions  i n h e r e n t  i n  t h e s e  approaches
15 13to  t h e  c a l c u l a t i o n  o f  ( N- C) c o u p l in g s .
A l l  s i n g l e  bond ^J(N-C) d a t a  o b t a in e d  by the  SCPT c a l c u l a t i o n s  
have n e g a t i v e  s ig n s  and a r e  dominated by l a r g e  n e g a t i v e  c o n t r i ­
b u t i o n s  from th e  c o n t a c t  t e rm s ,  w h i le  th e  d i p o l a r  and o r b i t a l  
c o n t r i b u t i o n s  a r e  r e l a t i v e l y  smal l  and a l l  have a p o s i t i v e  s ig n  
f o r  t h e  o r b i t a l  c o n t r i b u t i o n  and n e g a t i v e  s i g n  f o r  t h e  d i p o l a r  
c o n t r i b u t i o n ,  e x c e p t  t h o s e  f o r  m olecu le s  (1 ,3  and 4) which  have  
an oxygen atom a t t a c h e d  d i r e c t l y  to  t h e  carbon  atom.
As i n  th e  INDO-SCPT method,  a lmos t  a l l  t h e  p r e d i c t e d  s i n g l e  
bond ^J(N-C) d a t a  o b t a i n e d  by u s in g  the  INDO-SOS p r o c e d u r e  w i t h  
e i t h e r  f i x e d  i n t e g r a l  p r o d u c t s  o r  v a r i e d  ones ,  have  a n e g a t i v e  
s ig n  e x c e p t  t h o s e  f o r  m o lecu le s  (19,  23 and 2 5 ) .  Th is  i s  b e c a u se  
th e  dominant  c o n t r i b u t i o n  i s  from th e  c o n t a c t  te rm and i t  has  a 
p o s i t i v e  s ig n  w h i le  the  dominant  c o n t r i b u t i o n s  to  th e  c o u p l in g s  
f o r  the  o t h e r  m o lecu le s  a l s o  a r i s e  from th e  c o n t a c t  i n t e r a c t ­
io n  b u t  w i th  a n e g a t i v e  s i g n .  The o r b i t a l  and d i p o l a r  c o n t r i b ­
u t i o n s  have sm a l l  m a gn i tudes .  Like th o s e  o b t a i n e d  by t h e  INDO-
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SCPT method the  o r b i t a l  c o n t r i b u t i o n s  have  p o s i t i v e  s i g n s ,  
ex c e p t  f o r  m olecu le  (1 9 ) ,  and e i t h e r  a p o s i t i v e  o r  n e g a t i v e  
s ig n  f o r  t h e  d i p o l a r  ones .
The (INDO/S)-SOS c a l c u l a t i o n s  f o r  a l l  o f  the  ^J(N-C) c o u p l in g s  
p r e d i c t  n e g a t i v e  v a l u e s  which a r i s e  from a l a r g e  and n e g a t i v e  
c o n t a c t  c o n t r i b u t i o n ,  t h e  o r b i t a l  and d i p o l a r  c o n t r i b u t i o n s  
a r e  sm a l l  compared w i t h  t h o s e  from th e  c o n t a c t  te rm .  In  
g e n e r a l ,  p o s i t i v e  s ig n s  a r e  p r e d i c t e d  f o r  the  o r b i t a l  te rm 
and e i t h e r  p o s i t i v e  o r  n e g a t i v e  ones f o r  the  d i p o l a r  c o n t r i ­
b u t i o n s .
For  t h e  INDO-SCPT r e s u l t s  a p l o t  o f  t h e  e x p e r i m e n t a l  v a l u e s
1 '  of  J(N-C) a g a i n s t  t h e  c a l c u l a t e d  ones a r e  p r e s e n t e d  i n
F ig u r e  ( 4 . 1 ) .  The f i t  to  th e  l e a s t - s q u a r e s  l i n e  has  a c o r r e ­
l a t i o n  c o e f f i c i e n t  of  0.771 w h i le  the  c o r r e s p o n d in g  s t a n d a r d  
d e v i a t i o n  i s  4 .0  Hz. O ther  p l o t s  a r e  p r e s e n t e d  i n  F ig u r e s  
( 4 . 2 ) ,  (4 .3 )  and (4 .4 )  which r e l a t e  the  e x p e r i m e n t a l  v a l u e s  
of  ^J(N-C) to  th e  c a l c u l a t e d  r e s u l t s  by th e  INDO-SOS-fixed 
i n t e g r a l s ,  INDO-SOS-varied i n t e g r a l s  and (INDO/S)-SOS p r o c e d ­
u re s  r e s p e c t i v e l y .  The co r r e s p o n d in g  c o r r e l a t i o n  c o e f f i c i e n t s  
and s t a n d a r d  d e v i a t i o n s  a r e  0.867 and 4 .83  Hz f o r  th e  INDO- 
SOS-f ixe d  i n t e g r a l s ,  0.864 and 4 .88  Hz f o r  INDO-SOS-varied 
i n t e g r a l s  and 0.714 and 5 .56  Hz f o r  the  (INDO/S)-SOS methods .  
The h i g h e r  c o r r e l a t i o n  c o e f f i c i e n t s  r e l a t e d  to  th e  ca se  o f  
t h e  INDO-SOS c a l c u l a t i o n  f o r  b o th  f i x e d  and v a r i e d  i n t e g r a l s
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FIGURE 4 . 1 .  A p l o t  o f  c a l c u l a t e d  s i n g l e  bond ’j(N-C)  by t h e  INDO- 
SCPT method a g a i n s t  th e  e x p e r i m e n t a l  v a l u e s  i n  Hz ; 
c o r r e l a t i o n  c o e f f i c i e n t  =0.771 and s t a n d a r d  d e v i a t i o n  
=4.00  Hz.
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FIGURE 4 . 2 .  A p l o t  o f  c a l c u l a t e d  s i n g l e  bond^J(N-C) v a l u e s  by th e  
INDO-SOS f i x e d  i n t e g r a l s  m e thod , a g a i n s t  t h e  exper ime­
n t a l  v a l u e s  i n  Hz, c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 8 6 7 .SVttvvcXafd 
d e v i a t i o n  =4 .83  Hz.
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FIGURE 4 . 3 .  A p l o t  o f  c a l c u l a t e d  s i n g l e  bond \ j (N-C) v a l u e s  by 
t h e  INDO-SOS v a r i e d  i n t e g r a l s  method,  a g a i n s t  t h e  
e x p e r i m e n t a l  v a l u e s  in  Hz ; c o r r e l a t i o n  c o e f f i c i e n t s  
0 . 8 6 4 , s t a n d a r d  d e v i a t i o n = 4 .88 Hz .
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FIGURE 4 .4  A P l o t  o f  c a l c u l a t e d  s i n g l e  bond^J(N-C) v a l u e s  by t h e  
(INDO/S)-SOS method . a g a i n s t  t h e  e x p e r i m e n t a l  v a l u e s  
in  Hz; c o r r e l a t i o n  c o e f f i c i e n t = 0 . 7 1 % , s t a n d a r d  d e v i a t i o n  
=5.56 Hz.
may i n d i c a t e  t h a t  th e  INDO-SO^ approach i s  th e  most  r e l i a b l e  
o f  th o s e  used  i n  p r e d i c t i n g  th e  s i n g l e  bond ^J(N-C) d a t a .
The r e s u l t s  i n  Table  (4.2.) show t h a t  th e  b e s t  agreement 
be tween th e  c a l c u l a t e d  s i n g l e  bond  v a l u e s  and
the  e x p e r i m e n t a l  r e s u l t s  i s  o b t a in e d  by u s in g  t h e  INDO-SOS 
method w i t h  b o th  f i x e d  and v a r i e d  i n t e g r a l s .  No 
improvement i s  o b t a i n e d  by means o f  th e  c a l c u l a t i o n  per formed  
u s in g  v a r i e d  i n t e g r a l s  over  t h a t  i n  which the  f i x e d  i n t e g r a l s  
a r e  u sed ,  t h i s  may be a r e f l e c t i o n  on the  d i f f e r e n t i a l  o v e r ­
lap  a p p ro x im a t io n  and th e  o t h e r  app rox im at ions  i n h e r e n t  i n  
t h e  INDO p r o c e d u r e .
The a v a i l a b l e  e x p e r im e n ta l  d a t a  on s ig n  d e t e r m i n a t i o n s  f o r  
1 J(N5C) i n  i s o c y a n i d e s  a r e  v e ry  few and i n d i c a t e  t h a t  th e  s i g n  
i s  n e g a t i v e .  Thus th e  s ig n s  f o r  a l l  of  the  obse rved  v a l u e s  
o f  ^J(N=C) i n  i s o c y a n i d e s  a r e  c o n s id e re d  to  be n e g a t i v e  i n  
th e  r e g r e s s i o n  t r e a t m e n t .  The s c a l e d  i n t e g r a l  p ro d u c t s  
S^j^(O) S^^(O) and <^r  ^ ^ r  ^ ^ o b t a in e d  by th e
r e g r e s s i o n  a r e  10.3782 au ^ and 17.4595 au ^ f o r  th e  INDO-
- 6  -6  SCPT, 13.9571 au and 39.6030 au f o r  the  INDO-SOS, and
36.4679 au ^ and 12.4750 au ^ f o r  th e  (INDO/S)-SOS methods .
The i n t e g r a l  p ro d u c t s  f o r  the  charge  d e n s i t i e s  a t  t h e  s i t e s
2 9of t h e  coupled  n u c l e i ,  S ^ (0 )  S q (0)> o b ta in e d  f o r  t h e  INDO- 
SOS and (INDO/S)-SOS p ro c e d u re s  f o r  t h i s  k ind  o f  bond ing  a r e  
l e s s  than  th e  co r r e s p o n d in g  v a l u e s  f o r  the  s i n g l e  bond N-C 
c o u p l in g s ,  whereas  th e  i n t e g r a l  p r o d u c t s  <[r~^]> ^ r " ^  ^
2 2become l a r g e r .  The d e c re a s e  i n  S ^ (0 )  S q(0) p ro b a b ly  r e f ­
l e c t s  a d e c r e a s e  i n  S - e l e c t r o n  d e n s i t y  a t  the  n u c l e i  due to  
an i n c r e a s e  i n  th e  amount of  o o v e r l a p  a r i s i n g  from a d e c re a s e  
i n  th e  bonded s e p a r a t i o n  between th e  N and C n u c l e i  i n  the
case  of  th e  t r i p l e  bond.  The d e c re a s e  i n  the  bonded s e p a r a t i o n
N
-3i s  ex p ec ted  to  r a p i d l y  i n c r e a s e  th e  v a l u e  of  <^r  %> x
The INDO-SCPT c a l c u l a t i o n s ,  i n  g e n e r a l ,  p r e d i c t  n e g a t i v e  
v a l u e s  f o r  th e  ^J(N=C) d a t a  r e p o r t e d  i n  Tab le (4.2-) a l l  of  
which have s i g n i f i c a n t  and n e g a t i v e  o r b i t a l  and d i p o l a r  con­
t r i b u t i o n s .  The c o n t a c t  terms a r e  a l l  p r e d i c t e d  to  be pos­
i t i v e  e x c e p t  t h a t  f o r  m olecu le  (22 ) ,  2 , 4 , 6 - t r i m e t h y l b e n z o n i t r i l e -  
-N -ox ide  where a l l  t h r e e  c o n t r i b u t i o n s  y i e l d  a n e g a t i v e  s i g n  
f o r  t h e  l a r g e s t  ^J(N=C) v a l u e  measured to  d a t e .  The v a l u e s
o f  ^J(N=C) i n  th e  cyan ides  (13,  14, 15, 16) a re  c h a r a c t e r i z e d  by
Csm al l  p o s i t i v e  c o n t r i b u t i o n s  from J  and l a r g e  n e g a t i v e  ones 
from and J ^ ,  the  d i p o l a r  te rm b e in g  th e  dominant  one.
For  th o s e  c y a n i d e s ,  which be lo n g  to  the  s e r i e s  (CH^)^
C^3 C=N (N=0-3), t h e  c o n t a c t  c o n t r i b u t i o n  tends  to  i n c r e a s e  
as n i n c r e a s e s  w h i le  and remain r e l a t i v e l y  unchanged.  
Thus th e  c a l c u l a t e d  t o t a l  v a lu e  of  ^J(NeC) becomes l e s s  
n e g a t i v e  as n i n c r e a s e s .  The i n c r e a s e  of  J  w i th  i n c r e a s i n g  
n ,  can be  i n t e r p r e t e d  as b e in g  due to  an i n c r e a s e  i n  t h e  
e l e c t r o n  d e n s i t y  on th e  coupled n u c l e i  N and C i n  th e  cyan ide  
group.  The c a l c u l a t e d  v a l u e s  of  ^J(N=C) f o r  t h e  s e r i e s
(CH ) CH. . N=C (N=0-3) a r e  n e g a t i v e  i n  s ig n  due to dominant o n c j —nj
and n e g a t i v e  non c o n t a c t  c o n t r i b u t i o n s  w h i le  th e  c o n t a c t  te rm 
i n  t h i s  case  i s  p o s i t i v e .
1
The INDO-SOS r e s u l t s  f o r  J(N=C) by bo th  f i x e d  and v a r i e d
i n t e g r a l  p ro c e d u re s  a r e  a lmos t  s i m i l a r  i n  magni tude and s ig n .
The s ig n s  a r e  m os t ly  n e g a t i v e .  The known s ig n  f o r  m olecu le
(9) CH^NeC i s  rep roduced  by t h i s  approach .  The o r b i t a l  and
d i p o l a r  c o n t r i b u t i o n s  to  t h e  v a l u e  o f  ^J(N=C) a r e  in  g e n e r a l
n e g a t i v e  and s i g n i f i c a n t  i n  magn i tude ,  e x c e p t  th o s e  f o r
m o lecu le  (1 9 ) ,  P - T o l y l i s o c y a n i d e , which a re  p o s i t i v e ,  thus
t h e s e  c o n t r i b u t i o n s  c o n t r o l  t h e  s i g n  of  ^J(NeC) i n  t h i s  m o lecu le
making i t  p o s i t i v e .  The c o n t a c t  te rms a r e  p o s i t i v e  i n  most  of
th e  m o lecu le s  c o n s id e r e d .  For  molecule  (19 ) ,  i t  seems t h a t  
1t h e  J (N eC) v a l u e  o b t a in e d  by th e  INDO-SCPT p ro ced u re  i s  c l o s e r  
to  th e  e x p e r i m e n t a l  one tha n  th o s e  o b t a in e d  by th e  INDO-SOS 
me t h o d .
By a n a l y s i s  o f  th e  t r a n s i t i o n s  c o n t r i b u t i n g  to
^J(N=C) i t  i s  found t h a t  i s  c o n t r o l l e d  by n-^a t r a n s i t i o n s ,  
ex c e p t  f o r  t h o s e  cyan ides  c o n t a i n i n g  a r i n g  sys tem i n  which 
case  a-^a t r a n s i t i o n s  p ro v id e  the  majo r  c o n t r i b u t i o n .  For 
and th e  ma jor  c o n t r i b u t i o n s  a r i s e  from o r  n-^H
and H-)-? t r a n s i t i o n s  r e s p e c t i v e l y .
The v a l u e s  of  ^J(N=C) o b ta i n e d  by th e  (INDO/S)-SOS approach  
a l l  show a n e g a t i v e  s ig n  and a re  dominated by n e g a t i v e  o r b i t a l
and d i p o l a r  c o n t r i b u t i o n s .  In  c o n t r a s t  t o  th e  o r b i t a l  and 
d i p o l a r  c o n t r i b u t i o n s ,  t h a t  from the  c o n t a c t  te rm i s  p o s i t i v e  
e x c e p t  i n  t h e  case  of  m olecu le  (22 ) .  As seen f o r  t h e  
INDO-SCPT and INDO-SOS c a l c u l a t i o n s ,  the  c o n t a c t  c o n t r i b u t i o n  
f o r  m olecu le  (22 ) ,  i s  l a r g e  and n e g a t i v e .
L ike  the  r e s u l t s  o b t a in e d  by the  o t h e r  methods,  th e  ^J(NEC) 
r e s u l t  o b t a i n e d  f o r  t h i s  m olecu le  i s  n e g a t i v e  and i t s  a b s o l u t e  
v a l u e  i s  c l o s e  to  t h e  e x p e r im e n ta l  one.  A l l  th e  known s ig n s  
a r e  c o r r e c t l y  p r e d i c t e d  by th e  (INDO/S)-SOS method.
2 2The s c a l e d  i n t e g r a l  p r o d u c t  S ^ (0 )  S ^ (0 )  o b ta in e d  by t h i s  
method i s  l a r g e r  than  t h e  co r r e s p o n d in g  v a l u e s  o b t a i n e d  by 
the  INDO-SCPT and INDO-SOS app roac hes .
1A n a ly s i s  o f  th e  c o n t r i b u t i n g  t r a n s i t i o n s  to  th e  J(N-C) and 
^J(Ne C) d a t a ,  o b t a in e d  by th e  (INDO/S)-SOS ap p roach ,  r e v e a l s  
t h a t  t h e  majo r  c o n t r i b u t i o n s  to  t h e  c o n t a c t  te rms a r i s e
ÿj *
from 0 ^ 0  , and n-^o t r a n s i t i o n s  when a non-bonding  o r b i t a l  
i s  c e n t r e d  on t h e  n i t r o g e n  atom. Var ious  t r a n s i t i o n s  may
c o n t r i b u t e  to  t h e  o r b i t a l  and d i p o l a r  terms and the  s i g n i -
* * * * 
f l e a n t  ones a re  o->TI , and n^^,  o r e s p e c t i v e l y .
In  th e  p r e s e n t  s e r i e s  of  c a l c u l a t i o n  of  ^J(N=C) by v a r i o u s  
methods ,  a l l  of  the  known s ig n s  o f  ^J(NC) a r e  r e p ro d u c e d ,  
ex ce p t  t h a t  f o r  molecu le  (23) o b t a in e d  by th e  SCPT c a l c u l a t ­
ion  a f t e r  s c a l i n g .  The ^J(NeC) v a l u e  f o r  molecu le  (23)
o b ta in e d  by t h e  (INDO/S)-SOS method has  the  c o r r e c t  s i g n  b u t  
i n c o r r e c t  m agni tude .
The c o n s i s t e n c y  o f  t h e  s i g n s  o f  th e  coup l ing  o b t a i n e d  by the  
d i f f e r e n t  approaches  f o r  each m olecu le  in  most  of  t h e  m o lecu le s  
c o n s id e r e d ,  may i n d i c a t e  th e  accu racy  i n  p r e d i c t i n g  th e  a b s o l u t e  
s i g n  f o r  t h a t  c o u p l in g .
P l o t s  c o r r e l a t i n g  t h e  e x p e r i m e n t a l  and th e  c a l c u l a t e d  ^J(N=C) 
d a t a  a r e  p r e s e n t e d  i n  F ig u r e s  (5,  6 ,  7,  8 ) .  The c o r r e s p o n d in g  
c o r r e l a t i o n  c o e f f i c i e n t s  and s t a n d a r d  d e v i a t i o n s  deduced f o r  
t h e s e  p l o t s  a r e  r e s p e c t i v e l y  0 .978 ,  3.73  Hz f o r  t h e  INDO-SCPT 
and 0 .9 6 5 ,  4 .9  Hz f o r  t h e  INDO-SOS-fixed i n t e g r a l s  and 
0 .9 7 2 ,  4 .4  Hz f o r  t h e  INDO-SOS-varied i n t e g r a l s  and 0 .9 4 3 ,
6.19  Hz f o r  th e  (IND0/S)-S0S method. These d a t a  show t h a t  
th e  b e s t  c o r r e l a t i o n  c o e f f i c i e n t , -  f o r  th e  case  of  ^J(N=C), 
i s  t h a t  f o r  th e  r e s u l t s  o b t a in e d  by u s in g  the  SCPT c a l c u l a t i o n .
R e s u l t s  o f  t h e  ^J(N=C) c o u p l in g  i n  t h e  i s o c y a n i d e s  s e r i e s  
(CHg)^ CH^2_^^ N=C, which were o b ta in e d  by th e  app roaches  
adopted  h e r e ,  i n  g e n e r a l  e x h i b i t  a t r e n d  which i s  d i f f e r e n t  
from t h a t  f o r  t h e  c o r r e s p o n d in g  e x p e r im e n ta l  d a t a  a s  n 
i n c r e a s e s .  The p roposed  n e g a t i v e  s ig n  f o r  t h i s  c o u p l i n g  
r e s u l t s  i n  an i n c r e a s e  o f  ^J(NEC) as n i n c r e a s e s  (becomes l e s s  
n e g a t i v e )  whereas  th e  c a l c u l a t e d  v a l u e s  by th e  u t i l i z e d  
app ro ac h es ,  i n  g e n e r a l ,  d e c r e a s e  (become more n e g a t i v e )  as
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FIGURE 4 . 5 .  A p l o t  o f  c a l c u l a t e d  s i n g l e  bond ’j(N=C) by t h e  INDO- 
SCPT method a g a i n s t  t h e  e x p e r i m e n t a l  v a l u e s  in  Hz ; 
c o r r e l a t i o n  c o e f f i c i e n t  =0.978 and s t a n d a r d  d e v i a t i o n  
=3.73 Hz.
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FIGURE M.6. A p l o t  o f  c a l c u l a t e d  s i n g l e  bond 'j(NHC) v a l u e s  by t h e
INDO-SOS f ix e d  i n t e g r a l s  m e thod , a g a i n s t  t h e  e x p e r im e ­
n t a l  v a l u e s  in  Hz, c o r r e l a t i o n  c o e f f i c i e n t  = 0.965,ska.nctck.rcl 
d e v i a t i o n  =4.90 Hz.
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FIGURE 4 .7 .  A p l o t  o f  c a l c u l a t e d  s i n g l e  bond "'J(NHC) v a l u e s  by 
th e  INDO-SOS v a r i e d  i n t e g r a l s  method,  a g a i n s t  t h e  
e x p e r i m e n t a l  v a l u e s  in  Hz ; c o r r e l a t i o n  c o e f f i c i e n t :
0 . 9 7 2 , s t a n d a r d  d e v i a t i o n = 4 .40 Hz .
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FIGURE 8.8  A P l o t  o f  c a l c u l a t e d  s i n g l e  b o n d ’j(K'=C) v a l u e s  by t h e  
(INDO/S)-SOS method . a g a i n s t  t h e  e x p e r i m e n t a l  v a l u e s  
in  Hz; c o r r e l a t i o n  c o e f f i c i e n t = 0 . 9 ^ 3 . s t a n d a r d  d e v i a t i o n  
=6.20 Hz.
n i n c r e a s e s .  Th is  may i n d i c a t e  t h a t  the  r e p o r t e d  s i g n  
1f o r  J(N=C) i n  CH^B=C i n  i n  r e f e r e n c e  ( 110) i s  u n c o r r e c t l y  
o b t a in e d  as n e g a t i v e .  So our  d a t a  f o r  ^J(NEC) have  been  
r e g r e s s e d  a g a i n  by assuming t h a t  th e  s ig n s  f o r  a l l  t h e  
i s o c y a n i d e  (NEC) co u p l in g s  a re  p o s i t i v e .  The new s e t  of  
r e g r e s s i o n  c o e f f i c i e n t s  a and b a r e  r e s p e c t i v e l y  1.2327 and 
2.6058 f o r  t h e  INDO-SCPT, 1.2126 and 7.9594 f o r  th e  INDO-SOS- 
f i x e d  i n t e g r a l s  2.0319 and 10.9242 f o r  th e  INDO-SOS-varied 
i n t e g r a l ,  and 3.2442 and 1.9010 f o r  th e  (INDO/S)-SOS. The
s c a l e d  i n t e g r a l  p r o d u c t s  S^^(O) S^^XO) and <^r ^ ^ < r  ^
-6  -6a re  r e s p e c t i v e l y :  16.2704 au and 13.6726 au f o r  the
INDO-SCPT, 19.1591 au"^ and 28.1365 au” ^ f o r  t h e  INDO-SOS-
—A
f i x e d  i n t e g r a l ,  and 15.2584 au and 6.7200 au f o r  t h e  
(INDO/S)-SOS method.  The r e g r e s s i o n  c o e f f i c i e n t s  a and b 
a re  u t i l i z e d  to  p r e d i c t i n g  s o l v e n t  e f f e c t s  on ^J(NEC) c o u p l in g s  
i n  some of  t h e  m olecu les  c i t e d  i n  Table ( 3 . 1 2 ) .  The r e s u l t s  
a re  p r e s e n t e d  i n  Tab les  (3 .34 )  to  ( 3 . 4 1 ) .
F i n a l l y  i t  i s  ex p ec ted  t h a t  more e x p e r im e n ta l  s ig n  d e t e r m in ­
a t i o n s  w i l l  c o n t in u e  to  be  r e p o r t e d  so t h a t  th e  a p p l i c a b i l i t y  
o f  t h e s e  methods i n  p r e d i c t i n g  (NC) co u p l in g s  can be examined 
w i th  more p r e c i s i o n .
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